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1.0 
INTRODUCTION 

S t u t t e r i n g i s p r i m a r i l y a p u z z l e , t h e p i e c e s o f which 

l i e s t u t t e r e d o n the t a b l e s o f speech p a t h o l o g y , p s y c h i a t r y , 

n e u r o p h y s i o l o g y , g e n e t i c s and many o t h e r s d i s c i p l i n e s 

(Van R i p e r , 1971). 

There i s something about the s i g h t o f a n a d u l t i n the 

t h r o e s of a severe moment of s t u t t e r i n g which i m m e d i a t e l y 

suggests t h a t t h e r e must be something wrong w i t h him (Van 

R i p e r , 1971). 

Larynx has been thought t o b e t h e c u l p r i t even i n v e r y 
e a r l y days ( A v i c e n n a , 1937; Hann, 1936). 

Schwartz (1974) has attempted t o e x p l a i n s t u t t e r i n g 

b e h a v i o u r o n the b a s i s o f e v i d e n c e s from v a r i o u s a r e a s l i k e 

r e s p i r a t o r y p h y s i o l o g y , speech p a t h o l o g y , speech s c i e n c e and 

l e a r n i n g p s y c h o l o g y . A c c o r d i n g t o h i s model s t u t t e r i n g i s 

due to "... an in a p p r o p r i a t e v i g o r o u s c o n t r a c t i o n of 

p o s t e r i o r c r i c o a r y t e n o i d i n response t o t h e s u b g l o t t a l a i r 

p r e s s u r e r e q u i r e d f o r speech". 

Adams and R e i s (1971) found that the s t u t t e r i n g reduced 

when a v o i c e d passage was used when compared to a passage 
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c o n s i s t i n g o f e q u a l o c c u r r e n c e s o f v o i c e d and v o i c e l e s s 

sounds. 

Treeman, U s h i j i m a (1975), S h a p i r o (1980) and C o n t u r e , 

M c C a l l and B r e v e r (1977) made i t e v i d e n t t h a t the l a r y n g e a l 

b e h a v i o r d u r i n g s t u t t e r i n g i s a t l e s t a s d i s r u p t e d a s o r a l 

b e h a v i o u r i s . They a l s o found t h a t d u r i n g s t u t t e r i n g the 

muscle a c t i v i t y i s a b n o r m a l l y h i g h , p o o r l y timed and muscle 

systems which u s u a l l y f u n c t i o n e d r e c i p r o c a l l y were, d u r i n g 

s t u t t e r i n g , s i m u l t a n e o u s l y a c t i v e . They a l s o found t h a t a 

l a r g e number of tokens t h a t were judged to be f l u e n t 

a c o u s t i c a l l y showed h i g h l e v e l s of muscle a c t i v i t y and non-

r e c i p r o c i t y s i m i l a r t o t h a t found i n s t u t t e r e d t o k e n s . A t 

f i r s t t h e s e tokens were c a l l e d s u b - c l i n i c a l s t u t t e r i n g , but 

now e x p e r i m e n t e r s c a l l them p h y s i o l o g i c a l s t u t t e r i n g . 

L a r y n x of the s t u t t e r e r i s more t e n s e d as compared t o 

t h a t o f n o n - s t u t t e r e r s (Gantheron e t a l . (1973), A g n e l l o 

(1975), Freeman, U s h i j i m a (1975), S h a p i r o (1980). 

A c c o r d i n g t o the m y o e l a s t i c aerodynamic t h e o r y o f v o i c e 

p r o d u c t i o n by Lieberman (1961), T i t z e (1976) the h i g h e r 

t e n s i o n o f the v o c a l c o r d s and the i n c r e a s e d s u b g l o t t i c a i r 

p r e s s u r e found i n s t u t t e r e r s , s h o u l d r e s u l t i n r a i s e d mean Fo 



and i t l e a d s t o the q u e s t i o n whether t h e r e i s a d i f f e r e n c e i n 

mean Fo between s t u t t e r e r s and n o n - s t u t t e r e r s . 

Conture (1983) found t h a t the t u r n over time taken by 

th e v o c a l f o l d i n t h e t r a n s i t i o n from the opening t o c l o s i n g 

phases of the voc a l f o l d v i b r a t i o n was more r a p i d i n the 

s t u t t e r e r s than the n o n - s t u t t e r i n g p e e r s . A s the s t u t t e r e r ' s 

v o c a l f o l d s reached a p o i n t of w i d e s t e x c u r s i o n away from the 

m i d l i n e t h e y tended t o "snap back" d e c e l e r a t i n g t h e i r 

a b d u c t i n g motion and a c c e l e r a t i o n o f t h e i r a d d u c t o r y motion 

more q u i c k l y than i n n o n - s t u t t e r e r s . 

Healey and Gudkin (1984) observed t h a t VOT d i f f e r e n c e s 

between the s t u t t e r e r s and n o n s t u t t e r e r s and found t h a t f o r 

the v o i c e l e s s s t o p s the s t u t t e r e r s d i d not have s i g n i f i c a n t l y 

l o n g e r VOT than the n o n - s t u t t e r i n g n o n - s t u t t e r e r s a l t h o u g h 

they showed a wide range of fundamental f r e q u e n c i e s than then 

o n s t u t t e r e r s . But f o r the v o i c e d s t o p s the d i f f e r e n c e i n 

VOT was s i g n i f i c a n t but not t h e Fo d i f f e r e n c e . The a u t h o r s 

r u l e out the i n f l u e n c e of r a t e - o f speech on the v a l u e s of VOT 

as no s i g n i f i c a n c e d i f f e r e n c e appeared between the two 

groups. 

Recent t r e n d i s t o s i m u l t a n e o u s l y measure t h e r e l a t e d 

p h y s i o l o g i c a l events which g e t s a t the q u e s t i o n o f 

1.2 
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c o o r d i n a t i o n , s p e c i f i c a l l y a t the i d e a suggested b y P e r k i n s 

e t a l . (1979) t h a t s t u t t e r i n g was a d i s c o o r d i n a t i o n o f 

d i f f e r e n t systems of speech. Borden, Baer and Kenney (1985) 

t e s t e d t h i s i d e a by measuring o r a l movement w i t h o p t i c a l 

t r a c k i n g system, l a r y n g e a l movement w i t h F o u r c i n l a r y n g o g r a p h 

s i m u l t a n e o u s l y and found t h a t the v o c a l t r a c t f u n c t i o n e d as a 

c o o r d i n a t e d whole, even d u r i n g s t u t t e r i n g and r e j e c t e d the 

h y p o t h e s i s t h a t s t u t t e r i n g r e s u l t e d from a d i s c o o r d i n a t i o n o f 

d i f f e r e n t systems. 

S t a r k w e a t h e r e t a l . (1976) have o b s e r v e d t h a t 

s t u t t e r e r s were slow e r i n i n i t i a t i n g v o c a l i z a t i o n . 

H i l l m a n and G i l b e r t (1977) have r e p o r t e d t h a t VOT v a l u e s 

o f s t u t t e r e r s f o r i n t e r v o c a l i c v o i c e l e s s s t o p consonants 

i n f l u e n t c o n t e x t u a l speech were s i g n i f i c a n t l y h i g h e r than 

t h a t o f normals. 

"The i n a p p r o p r i a t e v i g o r o u s c o n t r a c t i o n o f p o s t e r i o r 

c r i c o a r y t e n o i d " as suggested by Schwartz (1974) and the 

sim u l t a n e o u s c o n t r a c t i o n o f i n t r i n s i c muscles o f l a r y n x a s 

observed by Freeman and U s h i j i m a (1975) d u r i n g s t u t t e r i n g 

might r e s u l t in a change in the temporal a s p e c t s of speech 

w i t h r e s p e c t t o v o i c i n g . V o i c e Onset Time (VOT), v o i c e 



i n i t i a t i n g t i m e , v o i c e t e r m i n a t i o n time are some parameters 

among the t e m p o r a l a s p e c t s of speech. 

The p r e s e n t s t u d y has made use of EGG and s p e c t r o g r a p h y 

f o r comparing s t u t t e r e r s w i t h n o n s t u t t e r e r s . 

Need for the study : 

Thus the r e v i e w of l i t e r a t u r e r e v e a l s t h a t the l a r y n g e a l 

mechanism d u r i n g speech i s d i f f e r e n t f o r s t u t t e r e r s t o t h a t 

o f n o n s t u t t e r e r s . 

T h i s c a l l s f o r a study which would compare the a c o u s t i c 

parameters o f speech o f s t u t t e r e r s w i t h t h a t o f 

n o n s t u t t e r e r s . 

Statement of the problem : 

The p r e s e n t study attempts to compare the a c o u s t i c 

parameters of speech of stutterers w i t h t h a t of 

n o n s t u t t e r e r s . 

1.4 
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Purpose of t h e s t u d y : 

The purpose o f the study i s t o t e s t the f o l l o w i n g 

h y p o t h e s i s . 

1. There w i l l be no d i f f e r e n c e between the s t u t t e r e r s and 

n o n s t u t t e r e r s f o r . 

i ) V o i c e onset time 

i i ) Formant f r e q u e n c i e s - F l , F 2 and F 3 

i i i ) Fundamental f r e q u e n c y 

i v ) T r a n s i t i o n d u r a t i o n 

v) Word d u r a t i o n 

v i ) Vowel d u r a t i o n 

2. There w i l l be no d i f f e r e n c e s between s t u t t e r e r s and 

n o n s t u t t e r e r s f o r -

i) Open time 

i i ) Opening time 

i i i ) C l o s e time 

i v ) C l o s i n g time 

v) Speed q u o t i e n t 

v i ) Open q u o t i e n t 
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v i i ) C l o s e d q u o t i e n t 

v i i i ) Speed i n d e x 

i x ) T o t a l p e r i o d 

x) Fundamental f r e q u e n c y 

L i m i t a t i o n s of t h e s t u d y : 

1. The study was done u s i n g o n l y Kannada language. 

2. The study was done u s i n g o n l y ten s t u t t e r e r s and t e n 

n o n s t u t t e r e r s w i t h l i m i t e d age qroup. 

3. Only male s t u t t e r e r s were used as s u b j e c t s . 

I m p l i c a t i o n s of t h e s t u d y : 

1 . T h i s study h e l p s i n knowing the v a r i a t i o n s i n d i f f e r e n t 

parameters i n s t u t t e r e r s and n o n - s t u t t e r e r s . 

2. The r e s u l t s may be used t o e v a l u a t e the p r o g n o s i s made by 

cases d u r i n g and a f t e r t h e r a p y . 
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REVIEW OF LITERATURE 

" S t u t t e r i n g i s a b a f f l i n g d i s o r d e r f o r b o t h c l i e n t and 

c l i n i c i a n . I t i s amazing t h a t such a n a n c i e n t u n i v e r s a l and 

o bvious human problem s h o u l d d e f y p r e c i s e d e s c r i p t i o n ; 

d e s p i t e c o u n t l e s s s c i e n t i f i c i n v e s t i g a t i o n s , t h e b a s i c n a t u r e 

and cause of s t u t t e r i n g remain a mystery" (Emerick and 

H a f f e n , 1974). " S t u t t e r i n g i s p r i m a r i l y a p u z z l e , t h e p i e c e s 

o f which l i e s c a t t e r e d o n the t a b l e s o f speech p a t h o l o g y , 

p s y c h i a t r y , n e u r o p h y s i o l o g y , g e n e t i c s and many o t h e r 

d i s c i p l i n e s . A t each o f t h e s e t a b l e s workers have 

p a i n s t a k i n g l y managed to assemble a p a r t of t h e p u z z l e , 

s h o u t i n g "Eureka", which i g n o r i n g t h e p i e c e s o f t h e i r own o r 

o t h e r t a b l e s which f a i l t o f i t " (Van R i p e r , 1971). 

A t r i s t o t l e , who wrote p r a c t i c a l l y e v e r y t h i n g , d i s c u s s e d 

s t u t t e r i n g unambiguously. H e o f f e r e d t h e s u g g e s t i o n t h a t 

s t u t t e r i n g i s due t o weak tongue t h a t a c t s t o o s l u g g i s h l y t o 

keep up w i t h t h e c o n c e p t i o n of t h e mind. 

I n t h e n i n e t e e n t h c e n t u r y Andrew Combe s t a t e d t h a t 

s t u t t e r i n g r e s u l t s from "the i n e f f e c t u a l s t r u g g l e o f a s m a l l 

organ of language to keep pace w i t h t h e w o r k i n g s of l a r g e r 

organs of i n t e l l e c t " . The tongue c o n t i n u e d to be viewed as 

t h e major s o u r c e o f the t r o u b l e from the time o f A r i s t o t l e 



onward. In the second c e n t u r y A.D., Galen reknowned Greek 

p h y s i c i a n of pergamum, thought t h a t s t u t t e r e r ' s tongue were 

e i t h e r too s h o r t o r too t h i c k and s w o l l e n . 

M e r c u l i a l i s (1583) p u b l i s h e d a volume on t h e d i s e a s e s of 

c h i l d r e n i n which h e recommended a p p l y i n g e i t h e r m o i s t u r e o r 

warming and d r y i n g substance to t h e tongue, depending on 

c i r c u m s t a n c e s . H e b e l i e v e d t h a t s t u t t e r i n g might b e caused 

b y e x c e s s i v e m o i s t u r e o r d r y n e s s o f t h e tongue, b r a i n o r 

muscles, or by a m i s s i n g t o o t h and advocated a v a r i e t y of 

t h e r a p e u t i c measures i n c l u d i n g d i e t and v o c a l e x e r c i s e s . 

Bacon (1927) a t t r i b u t e d s t u t t e r i n g s i m p l y t o c o l d n e s s o r 

d ryness o f the tongue and p r e s c r i b e d wine i n m o d e r a t i o n s , 

"because i t h e a l t e t h " . 

With the coming o f the s c i e n t i f i c r e v o l u t i o n i n t h e 17th 

c e n t u r y , more was l e a r n e d about t h e p h y s i o l o g y of speech 

p r o d u c t i o n , and t h e tongue was g r a d u a l l y j o i n e d by t h e 

l a r y n x , the b r e a t h i n g mechanism, t h e n e r v e s , and e v e n t u a l l y 

the b r a i n a s s u s p e c t s i n the c a u s a t i o n o f s t u t t e r i n g . 

There i s disagreement about the d e f i n i t i o n o f the term 

s t u t t e r i n g . Almost a l l d e f i n i t i o n s mention r e p e t i t i o n s o f 

sounds and s y l l a b l e s and p r o l o n g a t i o n s of speech sounds and 
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almost a l l mention d i f f i c u l t y i n b e g i n n i n g t o say words t h a t 

i s , the p e r s o n knows what he or she wants to say, but has to 

' s t r a i n ' t o say i t . 

F o r m e r l y , r e s e r c h e r s t r i e d t o d i f f e r e n t i a t e between 

s t u t t e r i n g and stammering by s a y i n g t h a t s t u t t e r i n g was a 

p h y s i c a l and stammering was a p s y c h o l o g i c a l d e f e c t ; t h a t 

s t u t t e r i n g was a r a p i d r e p e t i t i o n of one sound ( c - c c - c a t ) and 

stammering was a n i n a b i l i t y t o produce v o i c e ; t h a t s t u t t e r i n g 

was a h a l t on consonants and stammering was a h a l t on v o w e l s ; 

o r a g a i n t h a t s t u t t e r i n g was a d i s o r d e r met w i t h o n l y i n 

young c h i l d r e n which d e v e l o p e d i n t o stammering i f i n c o r r e c t l y 

t r e a t e d (Boome and R i c h a r d s o n ) . 

Some of t h e d e f i n i t i o n s a r e p a r t i a l l y o r w h o l l y based on 

h y p o t h e s i s about i t s e t i o l o g y . Johnson (1956) d e f i n e d 

s t u t t e r i n g as an "... a n t i c i p a t o r y , a p p r e h e n s i v e , h y p e r t o n i c 

avoidance r e a c t i o n " . C o r i a t (1933 d e f i n e d i t a s " a 

p s y c h o n e u r o s i s caused b y the p e r s i s t e n c e i n t o l a t e r l i f e o f 

e a r l y p r e g e n i t a l o r a l n u r s i n g , o r a l s a d i s t i c and a n a l 

s a d i s t i c components". 

Some d e f i n i t i o n s d e a l o n l y w i t h a u d i b l e a s p e c t s of 

sp e a k i n g b e h a v i o r . The f o l l o w i n g are r e p r e s e n t a t i v e o f such 

d e f i n i t i o n s " s t u t t e r i n g i s a d e v i a t i o n i n t h e ongoing f l u e n c y 
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of speech, a n i n a b i l i t y t o m a i n t a i n the c o n n e c t e d rhythm o f 

speech (Van R i p e r , 1982). 

A c c o r d i n g to Andrews et a l . (1983) ... t h e r e is a 

consensus t h a t r e p e t i t i o n s and p r o l o n g a t i o n s are n e c e s s a r y 

and s u f f i c i e n t f o r the d i a g n o s i s o f s t u t t e r i n g . 

C o n s i d e r a b l e attempts have been made t o p u t - f o r t h a 

'common' d e f i n i t i o n of s t u t t e r i n g . Wingate (1964) has s a i d 

t h a t , "the d e f i n i t i o n s o f s t u t t e r i n g v a r y o n s e v e r a l 

dimensions : one k i n d attempts a f a i r l y s t r a i g h t f o r w a r d 

statement o f speech c h a r a c t e r i s t i c s , another i m p l i e s d e n i a l 

t h a t such a c o n d i t i o n e x i s t s ; o t h e r p r e s u m p t i v e l y d e f i n e i n 

terms of e t i o l o g y , o t h e r s o f f e r a d e s c r i p t i o n of t h e f u l l 

range o f b e h a v i o r a l f e a t u r e s o b s e r v e d i n o n l y some 

s t u t t e r e r s ' , and t h e r e are tho s e which a re some c o m b i n a t i o n 

of the f o r e - g o i n g . I n many d e f i n i t i o n s t h e speech 

c h a r a c t e r i s t i c s are e i t h e r t a k e n f o r g r a n t e d , compromised o r 

m i n i m i z e d " . 

A f t e r a d e t a i l e d a n a l y s i s o f t h e elements o f s t u t t e r i n g , 

Wingate (1964) has o f f e r e d a d e f i n i t i o n of s t u t t e r i n g : 



The term ' s t u t t e r i n g ' means 

D i s r u p t i o n i n the f l u e n c y o f v e r b a l e x p r e s s i o n , which i s 

c h a r a c t e r i z e d b y i n v o l u n t a r y , a u d i b l e o r s i l e n t , 

r e p e t i t i o n s o r p r o l o n g a t i o n s i n the u t t e r a n c e o f s h o r t 

speech elements, namely; sounds, s y l l a b l e s and words of 

one s y l l a b l e . These d i s r u p t i o n s u s u a l l y o c c u r f r e q u e n t l y 

o r are marked i n c h a r a c t e r and are not r e a d i l y 

c o n t r o l l a b l e . 

Sometimes t h e d i s r u p t i o n s are accompanied by a c c e s s o r y 

a c t i v i t i e s i n v o l v i n g the speech a p p a r a t u s , r e l a t e d o r 

u n r e l a t e d body s t r u c t u r e s , o r s t e r e o t y p e d speech 

d i s t u r b a n c e s . These a c t i v i t i e s g i v e t h e appearance of 

speech r e l a t e d s t r u g g l e . 

A l s o , t h e r e are not i n f r e q u e n t i n d i c a t i o n s o r r e p o r t o f 

the presence of an e m o t i o n a l s t a t e , r a n g i n g from a g e n e r a l 

c o n d i t i o n of ' e x c i t e m e n t ' or ' t e n s i o n ' t o be more s p e c i f i c 

emotions of n e g a t i v e n a t u r e such as f e a r , embarrassment, 

i r r i t a t i o n or t h e l i k e . The immediate so u r c e of 

s t u t t e r i n g i s some i n c o o r d i n a t i o n e x p r e s s e d i n the 

p e r i p h e r a l speech mechanism, t h e u l t i m a t e cause i s 

p r e s e n t l y unknown and may be complex or compound. The 

f i r s t p a r t , a c c o r d i n g t o Wingate, denotes th e c o r e f e a t u r e 
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which have u n i v e r s a l a p p l i c a b i l i t y and t h e second and 

t h i r d p a r t i d e n t i f y o t h e r f e a t u r e s which d e s e r v e mention. 

S e v e r a l attempts have been made and are g o i n g on t o 

l o c a t e the c a u s a t i v e f a c t o r s o f s t u t t e r i n g but none o f them 

have d e f i n i t e l y i n d i c a t e d t h e f a c t o r s which cause t h e 

s t u t t e r i n g b e h a v i o r . D a l t o n and C a s t l e (1977) summarized the 

v a r i o u s t h e o r i e s o f s t u t t e r i n g under t h e headings " o r g a n i c " 

i n c l u d i n g some of the p o s s i b l e p h y s i c a l or c o n s t i t u t i o n a l 

f a c t o r s , " p s y c h o g e n i c " where p e r s o n a l i t y t r a i t s and 

p a r t i c u l a r l y n e u r o t i c f e a t u r e s are g i v e n most i m p o r t a n c e , 

" l e a r n e d b e h a v i o r " i n which a n t i c i p a t i o n , c o n f l i c t s and 

r e i n f o r c e m e n t are seen as the key f a c t o r s and ' e v a l u a t i o n a l ' 

where the d i a g n o s i s by the p a r e n t s p l a y a major r o l e . B e r r y 

and E i s e n s o n (1956) have grouped t h e e t i o l o g i e s o f s t u t t e r i n g 

under t h e headings o f b i o c h e m i c a l , n e u r o l o g i c a l , 

p s y c h o l o g i c a l and g e n e t i c f a c t o r s . 

Van R i p e r (1971) has f e l t t h a t when a s t u t t e r s t u t t e r s a 

word t h e r e i s t e m p o r a l d i s r u p t i o n o f t h e s i m u l t a n e o u s 

and s u c c e s s i v e programming of muscle movements r e q u i r e d to 

produce one of the word's i n t e g r a t e d sounds, or to emit one 

o f i t s s y l l a b l e s a p p r o p r i a t e l y o r t o a c c o m p l i s h t h e p r e c i s e 

l i n k i n g o f sounds and s y l l a b l e s t h a t c o n s t i t u t e i t s motor 

p a t t e r n . 
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A i n s w o r t h (1971) has c l a s s i f i e d t h e o r i e s o f s t u t t e r i n g 

i n t o two t y p e s . Under the f i r s t t y p e he grouped t h o s e 

t h e o r i e s l o o k i n g f o r a n " a c t i v e agent" w i t h i n t h e c h i l d which 

causes s t u t t e r i n g . I t may b e c o n s t i t u t i o n a l o r psychodynamic 

i n n a t u r e . C o n s t i t u t i o n a l l y t h e cause may l i e i n the 

g e n e r a l i s e d c o r t i c a l a c t i v i t y a f f e c t i n g the speech areas 

(West, 1958; E i s e n s o n , 1958) may i n v o l v e r e l a t i v e l y complex 

a u d i t o r y feedback c i r c u i t s (Mysak, 1960) or more p r e c i s e l y an 

a u d i t o r y feedback d i s t u r b a n c e s ( S t r o m s t a , 1959). Psycho-

d y n a m i c a l l y t h e speech i n t e r r u p t i o n may be t r i g g e r e d by a 

p r i m a r y a n x i e t y ( T r a v i s , 1972). O n t h e c o n t r a r y t h e r e are 

t h e o r i e s t h a t seek a n a c t i v e agent o u t s i d e t h e c h i l d i n t h e 

l i s t e n e r , i n t h e immediate environment o r i n t h e c u l t u r e 

i t s e l f (Johnson, Brown, C u r t i s , Edney and K e a s t e r , 1967). 

T h i s d i s o r d e r has developed not from a s i n g l e cause, but 

as t h e r e s u l t of a complex i n t e r r e l a t i o n s h i p between many 

f a c t o r s (Andrews and H a r r i s , 1964). There i s something about 

t h e s i g h t of an a d u l t i n the t h e o r i e s of a s e v e r e moment of 

s t u t t e r i n g which i m m e d i a t e l y s u g g e s t s t h a t t h e r e must b e 

something o r g a n i c a l l y wrong w i t h him (Van R i p e r , 1971). 

Larynx has been thought t o b e the c u l p r i t even i n v e r y e a r l y 

days (Avicenna, 1037, Hann, 1736, Morgagni, 1731). As e a r l y 

as 1800, some of the a u t h o r s have a t t r i b u t e d s t u t t e r i n g t o 
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m a l f u n c t i o n i n g of l a r y n x . d ' A l a i s (1829) and A r n o t t (1829) 

r e g a r d e d c h r o n i c spasm of t h e g l o t t i s as t h e sour c e of 

s t u t t e r i n g . A v i c e n n a (1837) r e l a t e d s t u t t e r i n g t o b r a i n 

l e s i o n s which i n t u r n were the cause of g l o t t i c spasms, which 

produced the s t u t t e r i n g symptoms. Kussmaul (1877) d e f i n e d 

s t u t t e r i n g as a s y l l a b i c d y s a r t h r i a , produced by a l a c k of 

c o o r d i n a t i o n o f v o i c e , r e s p i r a t i o n and a r t i c u l a t i o n due t o 

n e u r o l o g i c a l d e f i c i t s . 

P e r k i n s , Rudas, Johnson and B e l l (1976) s t u d i e d the 

e f f e c t o f s y s t e m a t i c a l l y s i m p l i f y i n g t h e c o m p l e x i t y o f 

phonatory, and r e s p i r a t o r y a d j u s t m e n t s . 3 0 s t u t t e r e r s r e a d 

under t h r e e c o n d i t i o n s - v o i c e d , whisphered and a r t i c u l a t i o n 

w i t h o u t p h o n a t i o n . They r e p o r t e d t h a t s t u t t e r i n g was 

c o n s i d e r a b l y reduced when w h i s p e r i n g and v o i c e was 

p r a c t i c a l l y e l i m i n a t e d when a r t i c u l a t i n g s i l e n t l y . They 

c o n s i d e r e d the s i m p l i f i c a t i o n o f p h o n a t o r y and r e s p i r a t o r y 

adjustments d u r i n g t h e s e two c o n d i t i o n s t o f a c i l i t a t e 

r h y t h m i c a l f l o w of speech. Adams and R e i s (1971) found t h a t 

the s t u t t e r i n g reduced when a v o i c e d passage was used when 

compared to a passage c o n s i s t i n g of e q u a l o c c u r r e n c e s of 

v o i c e d and v o i c e l e s s sounds. 

A c c o r d i n g t o the m y o e l a s t i c aerodynamic t h e o r y o f v o i c e 

p r o d u c t i o n by Lieberman (1961) and T i t z e (1976) t h e h i g h e r 
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t e n s i o n o f the v o c a l cords and t h e i n c r e a s e d s u b g l o t t i c a i r 

p r e s s u r e found i n s t u t t e r e r s , s h o u l d r e s u l t i n r a i s e d mean Fo 

and i t l e a d s t o the q u e s t i o n whether t h e r e i s a d i f f e r e n c e i n 

means Fo between s t u t t e r e r and n o n s t u t t e r e r s d u r i n g 

spontaneous speech. I n r e c e n t y e a r s , l a r y n g e a l b e h a v i o r i n 

s t u t t e r e r s have a t t r a c t e d the a t t e n t i o n of many i n v e s t i g a t o r s 

and s e v e r a l attempts have been made and are b e i n g made t o 

i n v e s t i g a t e v a r i o u s a s p e c t s o f p h o n a t o r y b e h a v i o u r i n 

s t u t t e r e r s . 

Wyke (1970, 1974) b e l i e v e d t h a t stammering i s a 

m a n i f e s t a t i o n o f phonatory a t a x i a , r e s u l t i n g from t e m p o r a l 

d y s f u n c t i o n i n the o p e r a t i o n s o f the v o l u n t a r y and r e f l e x 

mechanisms t h a t c o n t i n u o u s l y r e g u l a t e the tone o f the 

phonatory m u s c u l a t u r e d u r i n g speech. He d i s t i n g u i s h e d two 

c l i n i c a l t y p e s of stammering. " V o l u n t a r y or c o r t i c a l 

stammering" c o u l d a r i s e from g e n e t i c , a c q u i r e d o r e m o t i o n a l 

i n a b i l i t y t o produce a c c u r a t e v o l u n t a r y p r e s e t t i n g o f the 

phonatory m u s c u l a t u r e f o r the u t t e r a n c e o f p a r t i c u l a r sounds. 

The second type i s c a l l e d r e f l e x o g e n i c stammering'. I t i s 

the d e f e c t i v e r e f l e x maintenance o f t h e p r e p h o n a t o r y p o s t u r e . 

T h i s would l e a d t o r e p e a t e d s t r e s s p r o v o k i n g v o l u n t a r y 

e f f o r t s t o o v e r r i d e u n c o n s c i o u s r e f l e x d y s f u n c t i o n , b y 

r a p i d l y r e p e a t e d v o l u n t a r y r e s e t t i n g o f the m u s c u l a t u r e and 



consequent r e i t e r a t i o n of the i n i t i a l sound i n t h e word b e i n g 

u t t e r e d . 

Conture, Rothenberg and M i l i t o r (1986) compared the 

l a r y n g e a l b e h a v i o u r a s s o c i a t e d w i t h the p e r c e p t u a l l y f l u e n t 

speech o f young s t u t t e r e r s t o t h a t o f the n o r m a l l y f l u e n t 

p e e r s . L a r y n g e a l b e h a v i o r d u r i n g f l u e n t p r o d u c t i o n s o f t h e 

i n i t i a l and f i n a l consonants and m e d i a l vowels i n each of t h e 

words l i k e p a t e , bake, f a c e and v e a l was obser v e d by means of 

an E l e c t r o g l o t t o g r a p h (ECC). The r e c o r d e d EGG s i g n a l was 

e l e c t r o n i c a l l y p r o c e s s e d t o o b t a i n a measure o f v o c a l f o l d 

a b d u c t i o n from the open q u o t i e n t ( g l o t t a l open time d i v i d e d 

by g l o t t a l p e r i o d ) d u r i n g consonant - vowel (CV) and vowel 

consonant (VC) t r a n s i t i o n s , a s w e l l a s d u r i n g the c e n t r a l 

p o r t i o n o f t h e vowel. I n each c a s e , a t y p i c a l p a t t e r n f o r 

the a b d u c t i o n measure t h a t was c o n s i s t e n t w i t h t h e u n d e r l y i n g 

p r o d u c t i o n mechanism f o r the sound sequence was found f o r t h e 

n o r m a l l y f l u e n t s u b j e c t s . The n o r m a l l y f l u e n t c h i l d r e n 

e x h i b i t e d s i g n i f i c a n t l y more t y p i c a l p a t t e r n s d u r i n g t h e 

consonant vowel/vowel consonant t r a n s i t i o n s t h a n d i d the 

s t u t t e r i n g y o u n g s t e r s , w i t h 72% o f t h e t o t a l t r a n s i t i o n 

samples from n o r m a l l y f l u e n t y o u n g s t e r s b e i n g t y p i c a l v e r s u s 

42% f o r the young s t u t t e r e r s . Though some a t y p i c a l p a t t e r n s 

f o r the vowels were noted, most of t h e n o r m a l l y f l u e n t (94%) 

and s t u t t e r i n g (84%) y o u n g s t e r s t o t a l vowel samples were 
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t y p i c a l . These f i n d i n g s suggest t h a t some young s t u t t e r e r s 

t e n d t o have d i f f i c u l t y s t a b i l i z i n g and c o n t r o l l i n g l a r y n g e a l 

g e s t u r e s even d u r i n g speech judged f l u e n t b y t r a i n e d 

l i s t e n e r s , p a r t i c u l a r l y a t t h o s e p o i n t s i n t h e u t t e r a n c e 

where t h e s e y o u n g s t e r s must move between sound segments. 

Healey and Ramig (1986) compared s t u t t e r e r ' s and 

n o n s t u t t e r e r ' s f l u e n c y d u r i n g m u l t i p l e p r o d u c t i o n s o f 

two d i s s i m i l a r speech c o n t e n t s . S p e c t r o g r a p h i c a n a l y s e s were 

performed o n s u b j e c t ' s g i v e c o n s e q u e n t i v e l y f l u e n t 

p r o d u c t i o n s of a s i m p l e i s o l a t e d phrase and a phrase 

e x t r a c t e d from a n o r a l r e a d i n g passage. Measures o f f l u e n t 

v o i c e onset time (VOT) and vowel, consonant, and t o t a l phrase 

d u r a t i o n s were c a l c u l a t e d from f i v e r e p e t i t i o n s of each 

p h r a s e . From the i s o l a t e d p h r a s e , t h e r e were a t o t a l of f i v e 

f l u e n t d u r a t i o n a l measures ( i . e . one VOT, two vowel, one 

consonant and one phrase d u r a t i o n ) . For the phrase t a k e n 

from the o r a l r e a d i n g passage, s i x f l u e n t measures were 

o b t a i n e d ( i . e . one VOT, t h r e e v o w e l , one consonant and one 

phrase d u r a t i o n ) . R e s u l t s demonstrated t h a t o n l y one o f the 

f i v e measurements t a k e n d u r i n g t h e i s o l a t e d phrase c o n d i t i o n 

was s i g n i f i c a n t l y d i f f e r e n t between the groups. Three o f the 

s i x measures o b t a i n e d from t h e phrase taken from the o r a l 

r e a d i n g c o n d i t i o n r e v e a l e d s i g n i f i c a n t d i f f e r e n c e s between 



groups. No group d i f f e r e n c e s were a s s o c i a t e d w i t h the 

r e p e t i t i o n s o f e i t h e r phrase f o r any o f t h e dependent 

measures f o r both groups. These f i n d i n g s suggest t h a t t h e 

l e n g t h and c o m p l e x i t y o f the speech t a s k s used t o o b t a i n 

measures o f s t u t t e r e r ' s f l u e n c y p l a y a n i m p o r t a n t r o l e i n 

d i s c o v e r y o f d i f f e r e n c e s between t h e f l u e n c y o f the two 

group. 

Freeman and U s h i j i m a found t h a t the u s u a l r e c i p r o c i t y o f 

l a r y n g e a l a d d u c t o r and abductor muscles d i s a p p e a r s d u r i n g 

i n s t a n c e s o f s t u t t e r i n g . Conture e t a l . o b s e r v e d t h a t the 

v o c a l f o l d s are f i x e d d u r i n g b l o c k s i n e i t h e r a c l o s e d o r 

open p o s i t i o n . Many methods used t o t r e a t s t u t t e r i n g 

a c c o r d i n g l y emphasize easy onset o f v o i c i n g . Van R i p e r 

(1963) suggested t h a t t e c h n i q u e o f a l t e r i n g t h e p r e p a r a t o r y 

s e t d i r e c t e d s t u t t e r e r s t o s t a r t a n u t t e r a n c e from a s t a t e o f 

r e s t . Webster's (1974) ' T a r g e t based t h e r a p y ' and Weiner's 

(1978) v o c a l c o n t r o l t h e r a p y ' are two of many approaches 

t h a t d i r e c t a t t e n t i o n t o the g r a d u a l onset o f v o i c i n g . These 

t e c h n i q u e s are s u p p o r t e d by numerous s t u d i e s d e m o n s t r a t i n g 

the f l u e n c y enhancing e f f e c t s o f c o n d i t i o n s such a s c h o r a l 

r e a d i n g , d e l a y e d a u d i t o r y feedback, metronome t i m e d speech, 

a u d i t o r y masking e t c . t h a t r e s u l t i n a l t e r e d phonatory s t a t e s 

(Wingate, 1969). 
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S t u t t e r i n g e p i s o d e s were found t o become more f r e q u e n t 

when changed i n v o i c i n g were i n c r e a s i n g l y r e q u i r e d (Adams and 

R e i s , 1974). Even when judged t o be f l u e n t , s t u t t e r e r s have 

been found t o be s l o w e r than normals i n i n i t i a t i n g v o i c i n g 

d u r i n g r e a c t i o n time experiments (Adams and Hayden, 1976; 

Cross and Luper, 1979; S t a r k w e a t h e r , Hirschman and 

Tannenbaum, 1976). VOT in CV c o m b i n a t i o n s has a l s o been 

found t o b e l o n g e r i n the p e r c e p t u a l l y f l u e n t u t t e r a n c e s o f 

s t u t t e r e r s than i n tokens u t t e r e d b y normal c o n t r o l s u b j e c t s 

( H i l l m a n and G i l b e r t , 1975) a l t h o u g h t h e r e have been f i n d i n g s 

t h a t c o n t r a d i c t o r q u a l i f y the l o n g e r VOT r e s u l t s ( M e l t z , 

Conture and Carnso 1979; Watson and A l f o n s o , 1983). 

O f t h e two g e n e r a l a s p e c t s o f l a r y n g e a l a c t i v i t y f o r 

speech i . e . (1) phonatory v i b r a t i o n (Hirano e t a l . 1981) (2) 

a b d u c t o r y a d d u c t o r y adjustment o f g l o t t a l a p e r t u r e f o r 

v o i c i n g d i s t i n c t i o n s (Sawashima and H i r o s e , 1981), t h e l a t t e r 

i s more l i k e l y t o be r e l a t e d t o the p h y s i o l o g i c a l d i s r u p t i o n s 

a s s o c i a t e d w i t h s t u t t e r i n g . T h i s r e l a t i o n s h i p seems p r o b a b l e 

because i n s t a n c e s o f s t u t t e r i n g t y p i c a l l y o c c u r s a t o n s e t s 

and t r a n s i t i o n s between s o u n d / s y l l a b l e s , t h a t i s , i n s t a n c e s 

when the v o c a l f o l d s must be q u i c k l y , p r e c i s e l y and 

a p p r o p r i a t e l y a d j u s t e d towards or away from the m i d l i n e to 

b e g i n or t e r m i n a t e phonatory v i b r a t i o n s . Such d i f f i c u l t i e s 



may be one component of t h e p e r i p h e r a l p h y s i o l o g i c a l 

d i s r u p t i o n s a s s o c i a t e d w i t h s t u t t e r i n g . 

Conture e t a l . (1977) have showed t h a t i t i s p o s s i b l e t o 

o b j e c t i v e l y examine and r e c o r d d i s t u r b a n c e s i n t h e s e r a t h e r 

slow, f a i r l y l a r g e ( i n terms of l a t e r a l / m e d i a l ) l a r y n g e a l 

a r t i c u l a t o r y a d j u s t m e n t s . E l e c t r o g l o t t o g r a p h i c s t u d i e s have 

been conducted by Conture (1984) and Conture et a l . (1986). 

The study r e p o r t e d l o n g e r c l o s e d phases i n s t u t t e r e r ' s 

g l o t t a l c y c l e s . 

Conture et a l . (1977) used an i n s t r u m e n t t h a t gave a 

v i d e o d i s p l a y of a t r i g n o m e t r i c t r a n s f o r m of the open 

q u o t i e n t . They found t h a t d u r i n g p e r c e p t u a l l y f l u e n t speech, 

young s t u t t e r e r ' s l a r y n g e a l b e h a v i o u r was most l i k e l y t o be 

s u b t l y i n a p p r o p r i a t e d u r i n g t r a n s i t i o n s between sounds (CV o r 

VC) but e s s e n t i a l l y normal w i t h i n sounds. T y p i c a l t r a c e s o f 

a b d u c t i o n measure, s l o p e s from l a r g e r v a l u e s t o s m a l l e r f o r a 

C V t r a n s i t i o n . The t r a c e s l o p e s i n o p p o s i t e d i r e c t i o n f o r a 

VC t r a n s i t i o n . 

Hanna, W i l f l i n g , M c N e i l (1978) have r e p o r t e d a s i n g l e 

case s t u d y of a s t u t t e r e r . They observed a marked r e d u c t i o n 

i n s t u t t e r i n g when the l a r y n g e a l muscle t e n s i o n of the 

s u b j e c t was f e d a u d i t o r i l y . Both t h e a m p l i t u d e of the EMG 
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s i g n a l and s t u t t e r i n g b l o c k were reduced ' d r a m a t i c a l l y ' which 

suggests t h a t some k i n d of s t u t t e r i n g might i n v o l v e l a r y n x . 

S c h a f e r s k u p p e r and Simon (1992) have s t a t e d t h a t 

c o r r e s p o n d i n g t o the h i g h e r t e n s i o n o f muscles i n v o l v e d i n 

speech p r o d u c t i o n , a h i g h e r mean fundamental f r e q u e n c y s h o u l d 

b e expected i n s t u t t e r e r s a s compared t o n o n s t u t t e r e r s . I t 

was shown t h a t a change i n s c o r e s of the mean fundamental 

f r e q u e n c y from r e a d i n g t o f r e e c o n v e r s a t i o n t h a t s t u t t e r e r s 

t e n d to have a h i g h e r fundamental f r e q u e n c y d u r i n g 

spontaneous speech. 

Schwartz (1974) attempted to e x p l a i n the "Core of the 

s t u t t e r i n g b l o c k " . H e b e l i e v e d t h a t the d i s o r d e r i s 

e s s e n t i a l l y due t o a n i n a p p r o p r i a t e v i g o r o u s c o n t r a c t i o n o f 

the p o s t e r i o r c r i c o a r y t e n o i d muscle i n response t o t h e 

s u b g l o t t a l a i r p r e s s u r e s r e q u i r e d f o r speech. Wyke (1971, 

1974) s a i d t h a t s t u t t e r i n g of l a r y n g e a l o r i g i n may be a form 

o f phonatory a t a x i a a r i s i n g e i t h e r because o f d i s o r d e r e d 

v o l u n t a r y phonatory t i m i n g o f the v o c a l f o l d m u s c u l a t u r e o r 

from a n i n c o o r d i n a t e d r e f l e x m o d u l a t i o n o f t h e a c t i v i t y o f 

t h i s m u s c u l a t u r e d u r i n g a c t u a l u t t e r a n c e . 
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Freeman, U s h i j i m a (1975), S h a p i r o (1980) and Conture, 

M c C a l l and B r e v e r (1977) made i t e v i d e n t t h a t t h e l a r y n g e a l 

b e h a v i o r d u r i n g s t u t t e r i n g i s a t l e a s t a s d i s r u p t e d a s o r a l 

b e h a v i o r i s . They a l s o found t h a t d u r i n g s t u t t e r i n g the 

muscle a c t i v i t y i s a b n o r m a l l y h i g h , p o o r l y timed and muscle 

systems which u s u a l l y f u n c t i o n e d r e c i p r o c a l l y were, d u r i n g 

s t u t t e r i n g s i m u l t a n e o u s l y a c t i v e . They a l s o found t h a t a 

l a r g e number of tokens t h a t were judged to be f l u e n t 

a c o u s t i c a l l y showed h i g h l e v e l s of muscle a c t i v i t y and non-

r e c i p r o c i t y s i m i l a r t o t h a t found i n s t u t t e r e d t o k e n s . A t 

f i r s t t h e s e tokens were c a l l e d s u b c l i n i c a l s t u t t e r i n g , but 

now e x p e r i m e n t e r s c a l l them p h y s i o l o g i c a l s t u t t e r i n g . 

Wingate (1969) a f t e r a c r i t i c a l r e v i e w of c o n d i t i o n s 

under which s t u t t e r e r s enjoy f l u e n c y c o n c l u d e d , t h a t under 

t h e s e c i r c u m s t a n c e s which improve f l u e n c y , the s t u t t e r e r i s 

induced in one way or the o t h e r to do something w i t h h i s 

v o i c e t h a t he does not o r d i n a r i l y do. He f u r t h e r added t h a t 

the e f f e c t o f t h e s e c i r c u m s t a n c e s i s t y p i c a l l y t r a n s i e n t . 

Because i t i s v e r y l i k e l y t h a t the s t u t t e r e r s r e v e r t t o t h e i r 

u s u a l manner of v o c a l i z i n g when the i n f l u e n z e of t h e s e 

c i r c u m s t a n c e s c e a s e s . He drew a g e n e r a l i n f e r e n c e from h i s 

a n a l y s i s t h a t v o c a l i z a t i o n i s a c r u c i a l element i n t h e 

complex o f s t u t t e r i n g . 



Wingate (1970) argued t h a t the b e n e f i c i a l e f f e c t s o f 

masking are b a s i c a l l y r e l a t e d t o the changes i n v o c a l i z a t i o n . 

Subsequent i n v e s t i g a t i o n s have s u p p o r t e d t h i s e x p l a n a t i o n . 

Conture (1983) found t h a t t h e t u r n over time t a k e n by t h e 

v o c a l f o l d i n the t r a n s i t i o n from the opening t o c l o s i n g 

phases of the v o c a l f o l d v i b r a t i o n was more r a p i d i n t h e 

s t u t t e r e r s t h a n the n o n s t u t t e r i n g p e e r s . A s t h e s t u t t e r e r ' s 

v o c a l f o l d s reached a p o i n t of w i d e s t e x c u r s i o n away from the 

m i d l i n e they tended t o 'snapback' d e c e l e r a t i n g t h e i r 

a d ductory motion and a c c e l e r a t i n g t h e i r a d d u c t o r y motion more 

q u i c k l y than i n n o n - s t u t t e r e r s . 

G a u l t h e r o n e t a l . (1972) u s i n g m i c r o p h o n i c and 

g l o t t o g r a p h i c r e c o r d i n g o f u t t e r a n c e o f / s a / found t h a t 

in s t u t t e r e r s t h e r e was a l o n g s i l e n c e of about 100 msec. 

between t h e n o i s e of f r i c a t i v e and t h e v o w e l . They 

p o s t u l a t e d t h a t the e x c e s s i v e t e n s i o n s u s t a i n e d i n t h e l a r y n x 

o f s t u t t e r e r s p r e v e n t s g e n t l e u n d u l a t i n g v o c a l c o r d movements 

which i s observed i n normals. They t r i e d t o o b t a i n auto-

c o r r e c t i o n w i t h the a i d o f v i s u a l feedback o f t h e l a r y n g e a l 

a c t i v i t y . They r e p o r t e d t h a t s t u t t e r e r s c o u l d m o d i f y the 

t e n s i o n o f t h e i r l a r y n x s o a s t o o b t a i n t h e d e s i r e d p a t t e r n s 

on the scope and became f l u e n t . 
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A number of s t u d i e s have d i r e c t l y o r i n d i r e c t l y 

i n d i c a t e d phonatory i n v o l v e m e n t . Wingate (1969) c o n s i d e r s 

s t u t t e r i n g t o b e a t r a n s i t i o n d e f e c t and s u g g e s t s t h a t i t i s 

t h e d i f f i c u l t y i n s h i f t i n g from one sound t o a n o t h e r sound 

which makes the s t u t t e r e r t o s t u t t e r . Adams and R e i s (1971, 

1974) r e p o r t e d t h a t s t u t t e r e r s s t u t t e r s i g n i f i c a n t l y l e s s and 

get adapted f a s t e r w h i l e r e a d i n g a passage c o n t a i n e d a l l 

v o i c e d sounds when compared to a passage c o n t a i n i n g b o t h 

v o i c e d and u n v o i c e d sounds. They m a i n t a i n e d t h a t f l u e n c y i s 

dependent on t h e c o r r e c t t i m i n g and prompt smooth i n i t i a t i o n 

and maintenance o f a i r f l o w and g l o t t a l v i b r a t i o n s . Manning 

and C o n f a l (1976) found t h a t b o t h s t u t t e r e r s and non­

s t u t t e r e r s e x h i b i t l o w e r p e r c e n t a g e o f d y s f l u e n c i e s d u r i n g 

v o i c e d t o v o i c e d t r a n s i t i o n s , than d u r i n g v o i c e l e s s t o 

v o i c e d , v o i c e d t o v o i c e l e s s and v o i c e l e s s t o v o i c e l e s s 

phonatory t r a n s i t i o n s . Moss (1976) p r e p a r e d f o u r s e p a r a t e 

l i s t s o f sentences o f e q u a l l e n g t h . H i s s u b j e c t s r e a d t h e 

l i s t s under f o u r d i f f e r e n t c o n d i t i o n s . S i l e n t r e h e a r s a l , 

l i p p e d r e h e a r s a l , w h i s p e r e d r e h e a r s a l and a l o u d r e h e a r s a l . 

A l o u d r e h e a r s a l r e s u l t e d i n s i g n i f i c a n t l y l e s s s t u t t e r i n g 

than the o t h e r t h r e e t y p e s o f r e h e a r s a l s . H e suggested t h a t 

the c r u c i a l f a c t o r which d i s t i n g u i s h e d the f o u r t y p e s o f 

r e h e a r s a l s was " v o c a l i z a t i o n " . 
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There are many s t u d i e s which have shown t h a t s t u t t e r e r s 

are i n f e r i o r t o t h e i r n o n s t u t t e r i n g p e e r s i n t h e i r a b i l i t y t o 

s t a r t and s t o p p h o n a t i o n ( H i l l m a , G i l b e r t , 1974; A g n e l l o , 

Wingate and Wendal, 1974; Adams and Hayden, 1976; 

S t a r k w e a t h e r , Hirschmann and Tannenbaum, 1976). E v i d e n c e to 

phonatory i n v o l v e m e n t i n s t u t t e r i n g has a l s o comes from 

p h y s i o l o g i c a l s t u d i e s . C e r t a i n abnormal l a r y n g e a l a c t i v i t i e s 

l i k e a r y t h m i c v o c a l f o l d v i b r a t i o n ( M u l l e r , 1963), wide 

s e p a r a t i o n o f the p o s t e r i o r v o c a l f o l d s (Conture, M c C a l l and 

B r e v e r , 1974), asymmetric t i g h t c l o s u r e o f t h e l a r y n x 

( F u j i t a , 1966) and d i s r u p t i o n o f normal r e c i p r o c i t y between 

abductor and a d d u c t o r muscle groups (Freeman and U s h i j i m a , 

1974) have been observed to o c c u r in the l a r y n g e a l mechanisms 

o f s t u t t e r e r s a t the time o f the s t u t t e r i n g b l o c k . A l l t h e s e 

s t u d i e s i n d i c a t e t h a t t h e r e i s some d i s r u p t i o n i n the f l o w of 

a i r from the s u b g l o t t a l t o the s u p r a g l o t t a l r e g i o n , e i t h e r 

because o f the f a i l u r e o f the c o o r d i n a t e d a c t i v i t y o f the 

l a r y n g e a l muscles o r because o f i n c r e a s e d muscular t e n s i o n . 

Johnson and Rosen (1937) found t h a t s t u t t e r e r s speak more 

f l u e n t l y when t h e y w h i s p e r . B l o o d s t e i n (1950) r e p o r t e d t h a t 

s t u t t e r e r s seldom have d i f f i c u l t y when t h e y w h i s p e r . 

Meckenzie (1955) has found complete e l i m i n a t i o n o f s t u t t e r i n g 

in the s t u t t e r e r who had used e l e c t r o l a r y n x . Oswald (19480, 

I r w i n g and Webb (1961) r e p o r t e d t h a t l a r y n g e c t o m i z e d 



s t u t t e r e r s d i d not s t u t t e r a f t e r h a v i n g l e a r n e d oesophageal 

speech. But of l a t e Jack (1979) r e p o r t e d a l a r y n g e c t o m i z e d 

s t u t t e r e r who e x h i b i t e d speech d i s f l u e n c i e s even w h i l e u s i n g 

oesophageal v o i c e . Ratna and N a t a r a j a (1972) r e p o r t e d a 

s t u t t e r e r who s t u t t e r e d s e v e r e l y w i t h s e c o n d a r i e s even w h i l e 

w h i s p e r i n g and d u r i n g s i l e n t r e a d i n g . 

G a y a t h r i (1980) i n v e s t i g a t e d some a s p e c t s of pho n a t o r y 

b e h a v i o r i n s t u t t e r e r s . She i n v e s t i g a t e d the -

i ) e f f e c t s o f v a r y i n g degrees o f v o i c i n g w h i l e r e a d i n g a 

passage. 

i i ) t h e r e l a t i o n s h i p between t h e f r e q u e n c y o f s t u t t e r i n g 

and onset o f p h o n a t i o n i n v a r i e d c o n t e x t s , s y l l a b l e s , 

word l i s t s and passages. 

i i i ) the r e l a t i o n s h i p between t h e f r e q u e n c y o f s t u t t e r i n g and 

the s t r e s s e d s y l l a b l e . 

She has c o n c l u d e d t h a t phonatory b e h a v i o r i s not normal 

i n s t u t t e r e r s . 

Ramig and Adams (1980) s t u d i e d t h e e f f e c t of changing 

the p i t c h e s on the r e a d i n g r a t e , number of d i s f l u e n c i e s and 
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the vowel and pause d u r a t i o n of groups of c h i l d r e n and a d u l t 

s t u t t e r e r s and normal s p e a k e r s . The s u b j e c t s were asked to 

r e a d a passage i n t h r e e c o n d i t i o n s . h a b i t u a l c o n d i t i o n , 

h i g h e r p i t c h and lower p i t c h . R e s u l t s showed t h a t a l l f o u r 

s u b j e c t s reduced t h e i r f r e q u e n c y o f d i s f l u e n c i e s from the 

h a b i t u a l t o b o t h e x p e r i m e n t a l c o n d i t i o n s . The r e d u c t i o n i n 

d i s f l u e n c i e s were accompanied b y s i g n i f i c a n t r e d u c t i o n s 

i n f l u e n t r e a d i n g r a t e and i n c r e a s e i n b o t h vowel and pause 

d u r a t i o n . 

Wyke (1974) has suggested some c a t e g o r i e s of s t u t t e r i n g 

may i n v o l v e t e m p o r a l i n c o o r d i n a t i o n o f a c t i v i t y i n one o r 

more of t h e s e n e u r o l o g i c a l systems. He has f u r t h e r added 

" s t u t t e r i n g of l a r y n g e a l o r i g i n may be a form of phonatory 

a t a x i a a r i s i n g e i t h e r because o f d i s o r d e r e d v o l u n t a r y 

p r e p h o n a t o r y t u n i n g o f the v o c a l f o l d m u s c u l a t u r e o r from 

i n c o o r d i n a t e d r e f l e x m o d u l a t i o n o f the a c t i v i t y o f t h i s 

m u s c u l a t u r e d u r i n g a c t u a l u t t e r a n c e . 

Recent t r e n d i s t o s i m u l t a n e o u s l y measure t h e r e l a t e d 

p h y s i o l o g i c a l events which g e t s a t t h e q u e s t i o n o f 

c o o r d i n a t i o n , s p e c i f i c a l l y a s suggested b y P e r k i n s e t a l . 

(1979) t h a t s t u t t e r i n g i s a d i s c o o r d i n a t i o n o f d i f f e r e n t 

systems of speech. Borden, Baer and Kenney (1985) t e s t e d 



t h i s by measuring o r a l movement w i t h o p t i c a l t r a c k i n g 

systems, l a r y n g e a l movement w i t h l a r y n g o g r a p h s i m u l t a n e o u s l y 

and found t h a t the v o c a l t r a c t f u n c t i o n e d as a c o o r d i n a t e d 

whole, even d u r i n g s t u t t e r i n g and r e j e c t e d t h e h y p o t h e s i s 

t h a t s t u t t e r i n g r e s u l t e d from a d i s c o o r d i n a t i o n o f d i f f e r e n t 

systems. 

S t a r k w e a t h e r e t a l . (1993) a n a l y s e d t h e e l e c t r o m y o g r a p h 

s i g n a l s o f o r b i c u l a r i s o r i s d u r i n g l i p r o u n d i n g g e s t u r e s f o r 

the /o/ sound, t o see whether s t u t t e r e r s i n t h e i r 

p e r c e p t u a l l y f l u e n t speech had h i g h e r l e v e l s of EMG and 

l o n g e r EMG d u r a t i o n s . The r e s u l t s showed t h a t s t u t t e r e r s had 

s i g n i f i c a n t l y h i g h e r EMG l e v e l s a t the moment of speech onset 

and d u r i n g speech p r o d u c t i o n than n o n - s t u t t e r e r s . 

U s i n g d i f f e r e n t m e t h o d o l o g i e s , s e v e r a l i n v e s t i g a t o r s 

have r e p o r t e d some a c o u s t i c and p h y s i o l o g i c d i f f e r e n c e s i n 

the p e r c e p t u a l l y f l u e n t u t t e r a n c e s o f s t u t t e r e r s and non­

s t u t t e r e r s . One o f the few s t u d i e s i n v e s t i g a t i n g l a r y n g e a l 

b e h a v i o r o f s t u t t e r i n g used e l e c t r o g l o t t o g r a p h y t o examine 

v o c a l f o l d a b d u c t i o n p a t t e r n s (Conture, Rothenberg and 

M o l i t o r , 1986). t h e c h i l d r e n (mean age 4.7 y e a r s ) r e p e a t e d 

f o u r CV/VC words i n a c a r r i e r p h r a s e . S m a l l d i f f e r e n c e s 

between s t u t t e r e r s and n o n - s t u t t e r e r s i n the amount o f 

a t y p i c a l l a r y n g e a l a b d u c t i o n p a t t e r n s have been r e p o r t e d . 
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F u r t h e r i n v e s t i g a t i o n s of t e m p o r a l synchrony among 

r e s p i r a t o r y , l a r y n g e a l and a r t i c u l a t o r y f u n c t i o n s d u r i n g 

f l u e n t p r o d u c t i o n s by young s t u t t e r e r s (mean age 4.1 y e a r s ) 

r e p e a t i n g a c a r r i e r phrase f a i l e d t o show s i g n i f i c a n t 

d i f f e r e n c e s (Conture, C o l t o n and G l e a s o n , 1988). E a r l y 

s t u d i e s suggested t h a t p e o p l e who s t u t t e r appear t o 

demonstrate r e s t r i c t e d p i t c h v a r i a b i l i t y d u r i n g speech t a s k s 

e l i c i t e d under h i g h l y e m o t i o n a l c o n d i t i o n s ( B r y n g e l s o n , 1932; 

T a v i s , 1927). L a t e r s t u d i e s ( S c h i l l i n g and G o e l e r , 1961) 

l e n d s u p p o r t t o the c l a i m t h a t p e o p l e who s t u t t e r e x h i b i t 

reduced p i t c h v a r i a b i l i t y as compared t o n o n - s t u t t e r e r s . 

C o n t i n u e d i n t e r e s t i n t h e a c o u s t i c f e a t u r e s r e l a t e d t o 

l a r y n g e a l f u n c t i o n i s r e f l e c t e d i n r e c e n t s t u d i e s t h a t have 

i n v e s t i g a t e d more d i s c r e t e measurements o f fundamental 

fr e q u e n c y i n v a r i o u s s p e a k i n g c o n t e x t s . F l a c k e t a l . (1985) 

found t h a t a d u l t s who s t u t t e r e d e x h i b i t e d measurable c y c l e -

t o - c y c l e t e m p o r a l changes p r i o r to moments of s t u t t e r i n g . 

Such changes were absent i n the i d e n t i c a l but f l u e n t 

u t t e r a n c e s of the same speaker. 

Healey (1984) and Healey and G u t k i n (1984) r e p o r t e d t h a t 

fundamental f r e q u e n c y d i s c r i m i n a t i o n p a t t e r n s i n a d u l t 

s t u t t e r e r s p r o d u c i n g vowels f o l l o w i n g s t o p consonants were 
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not s i g n i f i c a n t l y d i f f e r e n t from the p a t t e r n s o f 

n o n s t u t t e r e r s . Sacco and Metz (1989) however argued t h a t t h e 

da t a in the last two studies i n d i c a t e d t h a t p e o p l e who 

s t u t t e r demonstrate g r e a t e r fundamental f r e q u e n c y i n s t a b i l i t y 

than n o n s t u t t e r e r s . Adams and R e i s (1971, 1974) r e p o r t e d 

t h a t s t u t t e r e r s s t u t t e r s i g n i f i c a n t l y l e s s and get adapted 

f a s t e r w h i l e r e a d i n g a passage contaomomg a l l v o i c e d sounds 

when compared to a passage c o n t a i n i n g b o t h v o i c e d and 

u n v o i c e d sounds. They m a i n t a i n e d t h a t f l u e n c y i s dependent 

on t h e c o r r e c t t i m i n g and prompt smooth i n i t i a t i o n and 

maintenance o f a i r f l o w and g l o t t a l v i b r a t i o n s . 

Manning and C o n f a l (1978) found t h a t b o t h s t u t t e r e r s and 

n o n s t u t t e r e r s e x h i b i t lower p e r c e n t a g e o f d i s f l u e n c i e s d u r i n g 

v o i c e l e s s t o v o i c e d , v o i c e d t o v o i c e l e s s and v o i c e l e s s t o 

v o i c e l e s s phonatory t r a n s i t i o n s . 

Moss (1976) p r e p a r e d f o u r s e p a r a t e l i s t s of s e n t e n c e s of 

e q u a l l e n g t h . H i s s u b j e c t s r e a d the l i s t s under f o u r 

d i f f e r e n t c o n d i t i o n s . S i l e n t r e h e a r s a l , l i p p e d r e h e a r s a l , 

w h i s p e r e d r e h e a r s a l and a l o u d r e h e a r s a l . A l o u d r e h e a r s a l 

r e s u l t e d i n s i g n i f i c a n t l y l e s s s t u t t e r i n g than the o t h e r 

t h r e e t y p e s o f r e h e a r s a l s . H e s u g g e s t e d t h a t the c r u c i a l 

f a c t o r which d i s t i n g u i s h e d the f o u r t y p e s o f r e h e a r s a l s was 

" v o c a l i z a t i o n " . 
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H a l l and Y a i r i (1992) examined a c o u s t i c c o r r e l a t e s o f 

phonatory c o n t r o l i n the speech o f t e n p r e s c h o o l aged boys 

who were s t u t t e r e r s r e c o r d e d r e l a t i v e l y c l o s e t o t h e time of 

s t u t t e r i n g onset and in the speech of t e n boys who were 

n o n s t u t t e r e r s . For each s u b j e c t , a c o u s t i c measurements o f 

fundamental f r e q u e n c y , J i t t e r and Shimmer were e x t r a c t e d 

from the hundred m.sec. m i d p o r t i o n of 30 vowels s e l e c t e d from 

f l u e n t u t t e r a n c e s i n spontaneous speech. Boys who s t u t t e r e d 

tended t o demonstrate a s l i g h t l y lower o v e r a l l fundamental 

fre q u e n c y than t h e i r n o n s t u t t e r i n g p e e r s . N o s t a t i s t i c a l 

d i f f e r e n c e was found between the two groups f o r Fo range. 

There was a l s o no s i g n i f i c a n t d i f f e r e n c e i n t h e mean j i t t e r 

v a l u e s between the two groups. Shimmer v a l u e s were h i g h e r 

f o r t h e boys who s t u t t e r e d than the n o n s t u t t e r e r s . 

Newman, H a r r i s and H i l t o n (1989) compared v o c a l j i t t e r 

and shimmer measures of the f l u e n t p h o n a t i o n s of 14 

s t u t t e r e r s w i t h a group of n o n s t u t t e r e r s matched f o r age and 

sex. Each s u b j e c t phonated f o u r vowels n i n e t i m e s i n random 

o r d e r . Each p h o n a t i o n was s u s t a i n e d f o r at l e a s t 5 s e c . and 

was t a p e r e c o r d e d . The mid-3-sec p o r t i o n of each r e c o r d e d 

vowel p h o n a t i o n was s u b j e c t e d t o j i t t e r and shimmer a n a l y s e s . 

Measures o f s t u t t e r e r s were l a r g e r i n b o t h i n s t a n c e s . 

S i g n i f i c a n t d i f f e r e n c e s between s t u t t e r e r s and n o n s t u t t e r e r s 



were o b t a i n e d f o r shimmer measures. D i f f e r e n c e s on j i t t e r 

measures were not s i g n i f i c a n t . F i n d i n g s l e d t o t h e t e n t a t i v e 

c o n c l u s i o n t h a t i n f l u e n t s u s t a i n e d p h o n a t i o n , s t u t t e r e r s 

demonstrated l e s s s t a b l e c o n t r o l o f r e s p i r a t o r y l a r y n g e a l 

dynamics than n o n s t u t t e r e r s . 

C o r r e s p o n d i n g t o the h i g h e r t e n s i o n o f muscles i n v o l v e d 

in speech p r o d u c t i o n , a h i g h e r mean fundamental f r e q u e n c y 

s h o u l d b e expected i n s t u t t e r e r s a s compared t o 

n o n s t u t t e r e r s . They found a change i n s c o r e s of mean 

fundamental f r e q u e n c y from r e a d i n g t o f r e e c o n v e r s a t i o n and 

c o n c l u d e d t h a t s t u t t e r e r s t e n d t o have a h i g h e r fundamental 

f r e q u e n c y d u r i n g spontaneous speech ( S c h a f e r s k u p p e r and Simon 

(1983). 

F a l c k , L a w l e r , and Yonowitz (1985) i n v e s t i g a t e d 

q u a n t i t a t i v e fundamental f r e q u e n c y measures p r i o r t o moments 

o f s t u t t e r i n g and r e l a t e d t h e s e measures t o the s e v e r i t y and 

type o f s t u t t e r i n g . A r e p e a t e d r e a d i n g s a d a p t a t i o n p r o c e d u r e 

was employed to a c q u i r e samples of t h e s t u t t e r e d and 

i d e n t i c a l f l u e n t speech o f s t u t t e r e r s . Four t e m p o r a l p e r i o d s 

p r e c e d i n g the s t u t t e r i n g b l o c k were compared w i t h the same 

p e r i o d s i n a f l u e n t l y produced sample o f s i m i l a r speech. The 

a n a l y s i s r e v e a l e d d i f f e r e n c e s r e l a t i v e t o mean fundamental 

f r e q u e n c y , v a r i a t i o n around the mean fundamental f r e q u e n c y 
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and the number of v o i c e d d a t a p o i n t s c o n t a i n e d w i t h i n each 

t e m p o r a l segment. The r e s u l t s o f t h i s s t u d y c o n f i r m t h e 

e x i s t e n c e o f a c o u s t i c changes i n the v o c a l p r o d u c t i o n o f 

s t u t t e r e r s p r i o r t o o v e r t b l o c k s . These changes r e l a t e t o 

the type o f b l o c k t h a t f o l l o w s . 

There are many s t u d i e s which have shown t h a t s t u t t e r e r s 

are i n f e r i o r t o t h e i r n o n s t u t t e r i n g peers i n t h e i r a b i l i t y t o 

s t a r t and s t o p p h o n a t i o n ( G i l b e r t , 1974; A g n e l l o , Wingate and 

W endell, 1974; Adams and Hayden, 1976; S t a r k w e a t h e r , 

Hirschmann and Tannebaum, 1976). V o i c e onset time is one of 

the parameters a among the t e m p o r a l a s p e c t s of speech. VOT 

has been d e f i n e d as "the d u r a t i o n between t h e r e l e a s e of a 

complete a r t i c u l a t o r y c o n s t r i c t i o n o r b u r s t t r a n s i e n t and the 

onset of p h o n a t i o n " ( L i s k e r and Abramson, 1964, 1967). 

S t a r k w e a t h e r e t a l . (1976) has o b s e r v e d t h a t s t u t t e r e r s were 

s l o w e r i n i n i t i a t i n g v o c a l i z a t i o n . H i l l a m a n and G i l b e r t 

(1977) have r e p o r t e d t h a t VOT v a l u e s o f s t u t t e r e r s f o r i n t e r ­

v o c a l i c v o i c e l e s s s t o p consonants i n f l u e n t c o n t e x t u a l speech 

were s i g n i f i c a n t l y h i g h e r than t h a t of n ormals. VOT and VTT 

s t u d i e s have shown t h a t the l a r y n g e a l b e h a v i o r i n s t u t t e r e r s 

are d i f f e r e n t when compared t o n o r m a l s . Many s t u d i e s have 

found l o n g e r VOT's i n s t u t t e r e r s , even d u r i n g t h e i r f l u e n t 

speech ( A g n e l l o and Wingate, 1972; Basu, 1974). 
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Adams and Hayden (1976) h y p o t h e s i z e d t h a t the s t u t t e r e r s 

had d i f f i c u l t y i n i n i t i a t i n g and t e r m i n a t i n g p h o n a t i o n 

independent of the a c t s of r u n n i n g speech. 10 young a d u l t 

s t u t t e r e r s s e r v e d as the e x p e r i m e n t a l group. They were 

matched f o r age and sex w i t h 10 normal s p e a k e r s . S u b j e c t s 

from both the groups were t e s t e d i n d i v i d u a l l y . The 

e x p e r i m e n t a l t a s k r e q u i r e d t h a t the s u b j e c t s s t a r t and s t o p 

p h o n a t i o n as p o s s i b l e , upon h e a r i n g each number of 1000 Hz 

pure tone s e r i e s appear and d i s a p p e a r . S u b j e c t ' s 

v o c a l i z a t i o n s were permanently r e c o r d e d u s i n g a n o p t i c a l 

o s c i l l o g r a p h . S t u t t e r e r s performed s i g n i f i c a n t l y p o o r e r than 

normals both in terms of prompt s t a r t i n g and s t o p p i n g of 

v o i c i n g . 

S t a r k w e a t h e r (1976) have measured the l a t e n c y of 

v o c a l i z a t i o n onset f o r s t u t t e r e r s and n o n s t u t t e r e r s . The 

s u b j e c t s were asked t o produce d i f f e r e n t s y l l a b l e s f o l l o w i n g 

a v i s u a l s t i m u l u s . Responses were f i l t e r e d t o remove 

s u p r a g l o t t a l y produced sounds, and the time between v i s u a l 

s t i m u l u s and t h e onset of v o c a l i z a t i o n was measured by a 

v o i c e o p e r a t e d r e l a y and a computers i n t e r n a l c l o c k . The 

r e s u l t s have showed t h a t s t u t t e r e r s are s l o w e r i n i n i t i a t i n g 

v o c a l i z a t i o n a c r o s s a wide v a r i e t y o f s y l l a b l e s . They have, 

f u r t h e r , c o n c l u d e d t h a t " e i t h e r v o c a l d y s f u n c t i o n o r 

the l a c k of c e r e b r a l dominance may be r e s p o n s i b l e f o r t h e s e 
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d i f f e r e n c e s " . A g n e l l o , Wingate and Wendehl (1974) have 

r e p o r t e d t h a t t h e VOT f o r s t u t t e r e r s are l o n g e r t h a n t h a t o f 

n o n s t u t t e r e r s i n f l u e n t speech. 

Jauke (1994) measured t h e d u r a t i o n of p h o n a t i o n , v o i c e 

onset time and c o e f f i c i e n t s o f v a r i a t i o n f o r s t u t t e r e r s and 

n o n s t u t t e r e r s who were matched a c c o r d i n g to age and s o c i a l 

s t a t u s w h i l e s p e a k i n g the t e s t words /kakakas/ / t a t a t a s / and 

/papapas/ w i t h s t r e s s o n m i d d l e s y l l a b l e a t two d i f f e r e n t 

speech r a t e s . I t was found t h a t s t u t t e r e r s produced, even 

d u r i n g n o n s t u t t e r i n g p e r i o d s under r e p e t i t i v e a r t i c u l a t i o n , 

an enhanced v a r i a t i o n of v o i c e onset time and an i n c r e a s e d 

v a r i a b i l i t y f o r t h e d u r a t i o n o f p h o n a t i o n a s s o c i a t e d w i t h t h e 

p r o d u c t i o n of the f i r s t s y l l a b l e . There was no d i f f e r e n c e i n 

VOT and vowel d u r a t i o n between s t u t t e r e r s and n o n s t u t t e r e r s . 

D e n i l and B r u t t e n (1991) i n v e s t i g a t e d the i n f l u e n c e o f 

time p r e s s u r e on t h e VOTs of 10 young s t u t t e r e r s and a l i k e 

number of age and sex matched n o n s t u t t e r e r s . The c h i l d r e n 

were i n s t r u c t e d t o r e a d a s e r i e s o f s i n g l e s y l l a b l e t a r g e t 

words f i r s t at a s e l f - s e l e c t e d pace and n e x t as q u i c k l y as 

p o s s i b l e ( e x t e r n a l time p r e s s u r e ) . I n a d d i t i o n a r t i c u l a t o r y 

c o m p l e x i t y o f the t a r g e t words were v a r i e d s y s t e m a t i c a l l y 

( l i n g u i s t i c time p r e s s u r e ) . N o s t a t i s t i c a l l y s i g n i f i c a n t 



d i f f e r e n c e s were found between the mean VOTs of t h e 

s t u t t e r i n g and n o n s t u t t e r i n g c h i l d r e n . VOTs of the 

s t u t t e r i n g c h i l d r e n were s i g n i f i c a n t l y more v a r i a b l e than 

those o f the n o n s t u t t e r e r s . 

Murphy and Baumgartner measured (1991) v o i c e i n i t i a t i o n 

time (VIT) and VTT i n s t u t t e r i n g and n o n s t u t t e r i n g c h i l d r e n 

r a n g i n g in age from 4 y e a r s 6 months to 6 y e a r s 10 months. 

The e x p e r i m e n t a l t a s k was the p r o d u c t i o n of / a / in response 

to a 1000 Hz pure t o n e . No s t a t i s t i c a l l y s i g n i f i c a n t 

d i f f e r e n c e s were found between the two groups w i t h r e s p e c t to 

e i t h e r VIT or VTT. No apparent r e l a t i o n s h i p s were p r e s e n t 

among VIT, VTT or s t u t t e r i n g s e v e r i t y . 

C o nture, Z e b r o s k i and Cudahy (1985) compared the 

t e m p o r a l parameters o f speech p r o d u c t i o n o f young s t u t t e r e r s 

and n o r m a l l y f l u e n t peers a s r e p r e s e n t e d w i t h i n t h e a c o u s t i c 

waveform (eg. f r i c a t i o n and a s p i r a t i o n d u r a t i o n ) f o r word 

i n i t i a l /p/ and/b/. Measured a c o u s t i c v a r i a b l e s c o n s i s t e d of 

vowel consonant t r a n s i t i o n d u r a t i o n and r a t e , stop-gap, 

f r i c a t i o n and a s p i r a t i o n - d u r a t i o n s , VOT, consonant-vowel 

t r a n s i t i o n d u r a t i o n and r a t e , and vowel d u r a t i o n . R e s u l t s 

i n d i c a t e d n o s i g n i f i c a n t d i f f e r e n c e between young s t u t t e r e r s 

and t h e i r n o r m a l l y f l u e n t peers f o r any o f the t e m p o r a l 

measures f o r e i t h e r /b/ o r / p / . F i n d i n g s suggest t h a t young 

2 .29 
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s t u t t e r e r s e x h i b i t some d i f f i c u l t i e s e f f e c t i n g t h e r e l a t i v e l y 

smooth c o o r d i n a t e d "compensating" r e l a t i o n s between l a r y n g e a l 

and s u p r a l a r y n g e a l b e h a v i o r s which would a l l o w t h e system t o 

remain w i t h i n t h e "time l i m i t s " n e c e s s a r y f o r o p t i m a l l y 

smooth, i n f l u e n t speech p r o d u c t i o n . 

Healey and G u t k i n (1984) examined s t u t t e r e r ' s and 

n o n s t u t t e r e r ' s f l u e n t VOT and Fo Contour measures from t a r g e t 

s y l l a b l e s l o c a t e d a t the b e g i n n i n g o f a c a r r i e r p h r a s e , 

o s c i l l o g r a p h i c and s p e c t r o g r a p h i c a n a l y s e s of s u b j e c t ' s VOT 

and Fo at vowel o n s e t , average vowel Fo and speed and range 

of Fo changes were o b t a i n e d from f l u e n t p r o d u c t i o n s of 18 

s t o p consonant vowel s y l l a b l e s . R e s u l t s showed t h a t VOTs f o r 

v o i c e d s t o p s and the range of Fo change f o r v o i c e l e s s s t o p s 

were a s s o c i a t e d w i t h s i g n i f i c a n t between group d i f f e r e n c e s . 

I t has been shown ( K l i c h and May, 1982) t h a t t e m p o r a l 

measures made from sound spectrograms o f the a c o u s t i c speech 

s i g n a l can p r o v i d e a c c u r a t e o b j e c t i v e e v i d e n c e r e l a t i v e t o 

s u p r a g l o t t a l and l a r y n g e a l b e h a v i o u r s . For example c e r t a i n 

a c o u s t i c measurements p r o v i d e v e r y c l o s e e s t i m a t e s o f t h e 

time t a k e n by the s u p r a g l o t t a l a r t i c u l a t o r s t o move from one 

speech sound t o another ( t r a n s i t i o n d u r a t i o n ) o r the time 

p e r i o d from o r a l r e l e a s e of a consonant to the b e g i n n i n g of 
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v o c a l f o l d v i b r a t i o n f o r the subsequent vowel (VOT). These 

a s w e l l a s s i m i l a r measures can a s s i s t i n d i s c e r n i n g 

s i m i l a r i t i e s and d i f f e r e n c e s between the t e m p o r a l parameters 

of t h e f l u e n t speech of young s t u t t e r e r s and t h o s e of 

n o n s t u t t e r e r s . H a r r i n g t o n (1987), H o w e l l and Vause (1986), 

H o w e l l , W i l l i a m s and Vause (1987), Montgomery and Cooke 

(1976) have r e p o r t e d m i s s i n g o r a t y p i c a l formant t r a n s i t i o n s 

i n t h e f l u e n t and d i s f l u e n t speech o f a d u l t s who s t u t t e r . 

H o well and Vause (1986) r e p o r t e d t h a t 85% of the spectrograms 

of t h e f l u e n t speech of a d u l t s who s t u t t e r were judged as 

l a c k i n g t r a n s i t i o n s between the i n i t i a l consonant and t h e 

m e d i a l vowel and 84.8% of the d y s f l u e n t p r o d u c t i o n s . H o w e l l 

e t a l . (1987) r e p o r t e d t h a t "the speech o f a d u l t s who s t u t t e r 

l a c k e d normal formant t r a n s i t i o n s between the consonant and 

the f o l l o w i n g vowel. 

H a r r i n g t o n (1987) p r o v i d e d some p o s s i b l e e x p l a n a t i o n s 

f o r p a t t e r n s o f apparent a b n o r m a l i t y observed i n the F 2 

t r a n s i t i o n s o f a d u l t s who s t u t t e r . A c c o r d i n g t o H a r r i n g t o n , 

t h e formants might -

i ) 'bend i n the d i r e c t i o n o f .... but not r e a c h the 

f r e q u e n c y v a l u e s o f the a c o u s t i c vowel t a r g e t ' . 

i i ) 'remain l e v e l i n c o n t r a s t t o the c l e a r t r a n s i t i o n shown 

i n the p r o d u c t i o n o f the t a r g e t s y l l a b l e ' . 
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i i i ) ' p o i n t i n the "wrong" d i r e c t i o n compared w i t h the 

formant t r a n s i t i o n s .... i n the t a r g e t s y l l a b l e ' . 

F i b r o s c o p i c o b s e r v a t i o n s show i n a p p r o p r i a t e 

a d d u c t o r y / a b d u c t o r y b e h a v i o r d u r i n g p e r c e i v e d s t u t t e r i n g . 

For sound p r o l o n g a t i o n s , t h e r e was much l a r g e r p e r c e n t a g e of 

addu c t o r y b e h a v i o u r . For s o u n d / s y l l a b l e r e p e t i t i o n s t h e 

p e r c e n t a g e of l a r y n g e a l b e h a v i o r s were more e v e n l y 

d i s t r i b u t e d among the a d d u c t o r y , i n t e r m e d i a t e and abd u c t o r y 

c a t e g o r i e s . It was a l s o r e p o r t e d t h a t a g r e a t e r amount of 

s u p r a g l o t t a l a c t i v i t y may b e a s s o c i a t e d w i t h s o u n d / s y l l a b l e 

r e p e t i t i o n s (Conture e t a l . 1985). 

Conture et a l . (1977) o b s e r v e d t h a t t h e r e was a more 

r e s t r i c t e d l a r y n g e a l t a r g e t f o r v o i c e d t h a n f o r v o i c e l e s s 

sounds. T h i s might make the p r o d u c t i o n of v o i c e d sounds an 

a c t t h a t r e q u i r e s a f i n e r degree o f neuromuscular 

c o o r d i n a t i o n than t h a t f o r v o i c e l e s s sounds. They p o s t u l a t e d 

a h y p o t h e s i s t h a t the " c o o r d i n a t i o n s n e c e s s a r y f o r l a r y n g e a l 

adjustments between a word i n i t i a l v o i c e d sound eg. /d/ and 

the subsequent vowel eg. / i / may a c t u a l l y r e q u i r e f i n e r 

g r a d a t i o n s of l a r y n g e a l muscle adjustments than t h o s e between 

a v o i c e l e s s word i n i t i a l sound and a subsequent vowel where 

the l a r y n e a l adjustments are a c t u a l l y more q u a n t a l i n 
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n a t u r e " . They a l s o s p e c u l a t e d t h a t j u s t a s one b e g i n n i n g t o 

u n d e r s t a n d t h a t i t was not n a t u r e o r n u r t u r e but n a t u r e 

i n t e r a c t i n g w i t h n u r t u r e t h a t produces a v a r i e t y of human 

problems. One was l i k e l y t o f i n d t h a t i t i s t h e l a r y n x 

i n a p p r o p r i a t e l y i n t e r a c t i n g w i t h s u p r a l a r y n g e a l and 

r e s p i r a t o r y events t h a t produce t h e p h y s i o l o g i c a l backdrop 

f o r the problem o f s t u t t e r i n g . 

Conture e t a l . (1986) o p i n e t h a t i t i s u n c l e a r i f 

l a r y n g e a l d i s r u p t i o n s a s d e s c r i b e d above are merely 

" r e a c t i o n s t o some o t h e r a s p e c t of the s t u t t e r i n g " . For 

example they noted t h a t i f the s u p r a g l o t t a l a r t i c u l a t o r y 

c o n f i g u r a t i o n i s f i n a t e d i n a n open p o s i t i o n d u r i n g a n 

i n s t a n c e o f s t u t t e r i n g the v o c a l f o l d s may adduct t o c o n s e r v e 

l u n g a i r . For t h i s r e a s o n , they a l s o s t u d i e d f l u e n t 

u t t e r a n c e s of s t u t t e r e r s . S h a p i r o (1980) and Freeman (1984) 

r e p o r t e d t h a t abnormal e l e c t r o m y o g r a p h i c a c t i v i t y was 

observed d u r i n g f l u e n t u t t e r a n c e s o f s t u t t e r e r s , p a r t i c u l a r l y 

d u r i n g p e r i o d s o f a c o u s t i c s i l e n c e p r e c e d i n g a n u t t e r a n c e . 

T h i s d i s r u p t i o n s i n the muscular a c t i v i t y p a t t e r n s were 

observed d u r i n g p e r c e p t u a l l y f l u e n t u t t e r a n c e s a l s o . 

D i s i m o n i (1974) s t u d i e d the vowel d u r a t i o n o f a d u l t 

s t u t t e r e r s . On the average it was 137 ms. l o n g e r in 

s t u t t e r e r s than n o n s t u t t e r e r s . S t a r k w e a t h e r and Meyer (1979) 
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s t u d i e d the speech o f a d u l t s u b j e c t s . Speed o f t r a n s i t i o n 

was s l o w e r i n the t r a n s i t i o n a l subsegments w i t h i n a n 

i n t e r v o c a l i c i n t e r v a l but had normal speech i n t h e s t e a d y 

s t a t e subsegments. They i n t e r p r e t e d t h a t s t u t t e r e r s were not 

a b l e t o move t h e i r l a r y n g e a l and s u p r a l a r y n g e a l s t r u c t u r e s as 

q u i c k l y a s n o n - s t u t t e r e r s . 

Zimmermann (1980) used h i g h speed c i n e r a d i o g r a p h y to 

d e s c r i b e the t e m p o r a l o r g a n i z a t i o n o f p e r c e p t u a l l y f l u e n t 

speech i n s t u t t e r e r s and n o n s t u t t e r e r s . Movements o f lower 

l i p and jaw were a n a l y z e d i n t h r e e CVC s y l l a b l e s . I t was 

r e p o r t e d t h a t the s t u t t e r e r s c o n s i s t e n t l y showed -

i ) l o n g e r t r a n s i t i o n t imes f o r downward movements of the 

a r t i c u l a t o r s . 

i i ) l o n g e r times between movement onset and peak v e l o c i t y i n 

the CV g e s t u r e , and 

i i i ) l o n g e r s t e a d y s t a t e p o s i t i o n s o f the l i p and jaw d u r i n g 

the vowel p o r t i o n o f the s y l l a b l e . 

These f i n d i n g s i n d i c a t e d t h a t s t u t t e r e r s were s l o w e r 

than normals i n c o a r t i c u l a t o r y movements. 



R e s u l t s o f H e a l e y ' s s t u d y (1981) i n d i c a t e d t h a t t h e 

a d u l t s t u t t e r e r s were s l o w e r i n c o m p l e t i n g t h e t r a n s i t i o n s 

from f r i c a t i o n onset t o peak a m p l i t u d e d u r i n g t h e p r o d u c t i o n 

o f t h e / s / phoneme. S u c h i t r a (1985) r e p o r t e d abnormal 

c o a r t i c u l a t i o n i n t h e f l u e n t VCV u t t e r a n c e s o f s t u t t e r e r s . 

Z e b r o w s k i e t a l . (1985) s t u d i e d c h i l d r e n i n t h e age 

range of 3.1 y e a r s to 6.8 y e a r s . They d i d not f i n d any 

d i f f e r e n c e i n t h e s t o p gap d u r a t i o n , f r i c a t i o n d u r a t i o n vowel 

d u r a t i o n and t h e r a t e of CV and VC t r a n s i t i o n s . However t h e y 

s p e c u l a t e d t h a t " u n l i k e n o r m a l s , s t u t t e r e r s d o not show any 

s y s t e m a t i c r e l a t i o n s h i p between t h e peak g l o t t a l o p e n i n g and 

t h e a r t i c u l a t o r y r e l e a s e " . T h i s was based o n t h e s t o p gap 

d u r a t i o n d a t a . They i n t e r p r e t e d t h a t s t u t t e r e r s show l e s s 

c o n t r o l and s t a b i l i z a t i o n o f l a r y n g e a l and s u p r a l a r y n g e a l 

t e m p o r a l c o o r d i n a t i o n . 

H e a l e y and Ramig (1986) n o t i c e d t h a t g r e a t e r d i f f e r e n c e s 

e x i s t e d between s t u t t e r e r ' s and n o n s t u t t e r e r ' s f l u e n t 

d u r a t i o n a l measures e x t r a c t e d from a r e a d i n g sample t h a n from 

a s h o r t , i s o l a t e d nonsense p h r a s e and d u r a t i o n a l measures f o r 

t h e s t u t t e r e r s remained r e l a t i v e l y s t a b l e d u r i n g m u l t i p l e 

r e p e t i t i o n s o f b o t h t h e s h o r t p h r a s e and t h e r e a d i n g p h r a s e . 
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P i n d z o i a (1987) t h a t t h e s t u t t e r e r s spend l o n g e r t i m e i n 

s t a t i c a r t i c u l a t o r y p o s i t i o n s ( d u r a t i o n o f t h e s t e a d y s t a t e 

formant was r e p o r t e d l y l o n g e r ) . Vowel d u r a t i o n was r e p o r t e d 

t o be same i n b o t h normals and s t u t t e r e r s . S t u t t e r e r s had 

f a s t e r V C t r a n s i t i o n s but e q u i v a l e n t CV2 t r a n s i t i o n s . T o t a l 

word d u r a t i o n a l s o remained same i n b o t h t h e g r o u p s . 

I n v a r i a n c e of t o t a l d u r a t i o n of word and d i f f i c u l t y w i t h 

i n i t i a t i n g movements (as seen i n l e n g t h e n e d s t e a d y s t a t e s 

must b e r e c o n c i l e d . I t was s p e c u l a t e d t h a t i f t e m p o r a l 

compensation was t h e e f f e c t w h i c h o p e r a t e s t o m o d i f y t h e 

d u r a t i o n s o f i n t e r n a l segments o f t h e a r t i c u l a t o r y u n i t s s o 

t h a t t h e o v r e a l l d u r a t i o n o f t h e u n i t remains r e l a t i v e l y 

c o n s t a n t , t h e n t h e b r a i n s , a r t i c u l a t o r y programmes i n 

s t u t t e r e r s was f o r c e d by t h e s e t e m p o r a l c o n s t r a i n t s t o move 

f a s t e r t h r o u g h o u t t h e t r a n s i t i o n a l s u b s e q u e n t . However t h e y 

o p i n e t h a t i t s h o u l d b e c o n f i r m e d whether s t u t t e r e r s l i m i t e d 

t h e i r movements t o conform w i t h t e m p o r a l c o n s t r a i n t s or 

whether t h e y 'speed up' t h e i r movements t o a c c o m p l i s h t h e 

same e x t e n t . 

Slow v o c a l r e a c t i o n s are r e p o r t e d i n a d u l t s t u t t e r e r s i n 

s e v e r a l s t u d i e s (Adams and Hayden, 1976; S t a r k w e a t h e r 

e t a l . 1976). Y a r u s s and C o n t u r e (1993) examined t h e second 
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formant (F2) t r a n s i t i o n s d u r i n g t h e s o u n d / s y l l a b l e 

r e p e t i t i o n s o f young c h i l d r e n who s t u t t e r . A c o u s t i c a n a l y s i s 

showed d i f f e r e n c e s i n F 2 t r a n s i t i o n s between t h e r e p e a t e d 

( s t u t t e r e d ) and f l u e n t p o r t i o n s o f t h e words. 

S t r o m s t a (1986) r e p o r t e d t h a t c h i l d r e n who s t u t t e r 

produce F 2 t r a n s i t i o n s d u r i n g s t u t t e r i n g t h a t a r e non-

measurable or m i s s i n g or t h a t d i f f e r i n d i r e c t i o n o f movement 

from f l u e n t t r a n s i t i o n s . 

Borden, Baer and Kenney (1990) m o n i t o r e d EGG and 

a c o u s t i c waveforms of t h e f i r s t few g l o t t a l p u l s e s of v o i c i n g 

and v o i c e onset t i m e d u r i n g a n a d a p t a t i o n t a s k p e r f o r m e d b y 

s t u t t e r e r s and c o n t r o l s . The f l u e n t u t t e r a n c e s o f s t u t t e r e r s 

r e s e m b l e d t h o s e o f c o n t r o l s u b j e c t s . A f t e r d y s f l u e n c i e s , t h e 

EGG s i g n a l i n c r e a s e d g r a d u a l l y l e n d i n g p h y s i o l o g i c a l s u p p o r t 

t o t h e t e c h n i q u e o f "easy o n s e t " o f v o i c i n g . I d i o s y n c r a t i c 

r i t u a l i z e d l a r y n g e a l b e h a v i o r sometimes i n c l u d i n g 

p h y s i o l o g i c a l t r e m o r was e v i d e n t i n t h e EGG r e c o r d . 

Thus t h e r e v i e w of l i t e r a t u r e i n d i c a t e s t h a t s t u t t e r i n g 

may be due to a f a u l t y f u n c t i o n i n g of l a r y n g e a l mechanism 

which might r e f l e c t b y a c o u s t i c a n a l y s i s o f speech o f 

s t u t t e r e r s . Hence i t i s p r o p o s e d t o f i n d t h e a c o u s t i c 

p a r a m e t e r s f o r t h e n o n s t u t t e r i n g c o n t r o l group, and f l u e n t a s 



2.38 

w e l l a s d y s f l u e n t u t t e r a n c e s o f t h e s t u t t e r i n g group t o note 

t h e d i f f e r e n c e s between s t u t t e r e r s and n o n s t u t t e r e r s and 

between f l u e n t and d y s f l u e n t u t t e r a n c e s o f s t u t t e r e r s . and 

t o d e t e r m i n e t h e i r i m p l i c a t i o n s . 
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METHODOLOGY 

The purpose of t h e s t u d y was to measure a c o u s t i c and 

g l o t t o g r a p h i c parameters i n r e a d i n g and spontaneous speech o f 

s t u t t e r e r s and normals t o f i n d out t h e s i m i l a r i t i e s and 

d i f f e r e n c e s i n t h e speech o f s t u t r t e r e r s from t h a t o f normals 

i n terms o f t h e a c o u s t i c and g l o t t a l p a r a m e t e r s . The g l o t t a l 

parametrs t a k e n were -

1. Open t i m e 

2. Opening t i m e 

3. C l o s e t i m e 

4. C l o s i n g t i m e 

5. Speed q u o t i e n t 

6. Open q u o t i e n t 

7. C l o s e phase 

8. Speed Index 

9. T o t a l p e r i o d 

10. Fundamental f r e q u e n c y . 

Parameters of spectrogram c o n s i d e r e d were -

1. V o i c e onset t i m e 

2. Formant f r e q u e n c y - F l , F2, and F3 

3 . T r a n s i t i o n d u r a t i o n 
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4. Word d u r a t i o n . 

5. Vowel d u r a t i o n 

S u b j e c t s : 

Two groups o f s u b j e c t s were i n c l u d e d f o r t h e s t u d y . The 

f i r s t group c o n s i s t e d o f f i v e n o r m a l s p e a k e r s i n t h e age 

range of 15 to 25 y e a r s and mean age of 20 y e a r s . O t h e r 

group c o n s i s t e d o f f i v e s t u t t e r e r s i n t h e age r a n g e o f 1 5 t o 

25 y e a r s and mean age o f 20 y e a r s , as d i a g n o s e d c l i n i c a l l y by 

t h e q u a l i f i e d speech and language p a t h o l o g i s t a t t h e A i l 

I n d i a I n s t i t u t e o f Speech and H e a r i n g , Mysore. Amongst t h e 

s t u t t e r e r s t h e s e v e r i t y v a r i e d from m i l d t o s e v e r e a s shown 

i n t h e f o l l o w i n g t a b l e D e t a i l s o f s u b j e c t s g i v e n i n 

A p p e n d i x - 1 ) . 

T e s t m a t e r i a l s : 

Two p a s s a g e s " v o i c e d " (Passage-A) and combined (Passage 

B ) were used a s t e s t m a t e r i a l s . B o t h t h e p a s s a g e s were 

m e a n i n g f u l and n o n - e m o t i o n a l . Passage-B had v o i c e l e s s and 

S e v e r i t y r a t i n g No.of s t u t t e r e r s 

M i l d 1 
Moderate 1 
M o d e r a t e l y s e v e r e 1 
Severe 2 
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v o i c e d c o n s o n a n t s , v o w e l s and d i p h t h o n g s . Passage-A was 

c o n s t r u c t e d s o t h a t t h e passage had n o v o i c e l e s s c o n s o n a n t s . 

The number o f s y l l a b l e s i n each o f t h e pas s a g e s A and B were 

124 and 139 r e s p e c t i v e l y . These p a s s a g e s a r e u s e d r e g u l a r l y 

i n c l i n i c s f o r t h e r e c o r d i n g o f speech o f s t u t e r e r s . The 

same passage was used i n s i m i l a r s t u d i e s a l s o . Hence, i t was 

t a k e n f o r t h i s s t u d y . 

The spontaneous speech was a l s o r e c o r d e d and used f o r 

a n a l y s i s . Q u e s t i o n s were asked t o e l i c i t s pontaneous speech 

and t h e s u b j e c t was ask t o r e p l y u s i n g p a r t o f t h e q u e s t i o n 

i . e . f o r eg. 'my name is ... 

Method : 

(1) The s u b j e c t s were s e a t e d c o m f o r t a b l y i n t h e r e c o r d i n g 

room w h i c h i s sound t r e a t e d a t t h e Department o f Speech 

S c i e n c e s , A l l I n d i a I n s t i t u t e o f Speech and H e a r i n g , 

Mysore. 

(2) The s u b j e c t s were g i v e n t h e " v o i c e d " (passage-A) and 

combined (Passage-B) passage and made f a m i l i a r by r e a d i n g 

t h e same. 

(3) The s u b j e c t s were asked t h e f o l l o w i n g q u e s t i o n s t o e l i c i t 

s pontaneous speech 



3.3 

1) What is y o u r name? 

2 ) Which i s y o u r n a t i v e p l a c e ? 

3) How o l d a r e you? 

4) What a r e you d o i n g ? 

5) What is y o u r problem? 

The f o l l o w i n g i n s t r u m e n t s were u s e d f o r EGG r e c o r d i n g -

1 . E l e c t r o l a r y n g o g r a p h (Kay E l e m e t r i c s C o r p o r a t i o n ) 

2. PC/AT 386 SX w i t h speech i n t e r f a c e u n i t v o i c e and speech 

systems. 

3 . R e c o r d i n g Deck (Sonodyne) w i t h u n i d i r e c t i o n a l microphone. 

4 . S o f t w a r e f o r a c q u i s i t i o n , d i s p l a y and a n a l y s i s . 

The i n s t r u m e n t s were a r r a n g e d a s shown i n t h e b l o c k 

d i a g r a m : 

The s i g n a l from t h e l a r y n g o g r a p h was f e d t o t h e computer 

t o o b t a i n t h e d i s p l a y o f t h e g l o t t a l waveforms and t h e 

s t a r t i n g p o i n t used t o measure d i f f e r e n t p a r a m e t e r s o f t h e 





g l o t t a l waveforms f i g 2 shows t h e g l o t t a l waveform o f a normal 

s u b j e c t . 

The computer program had f a c i l i t i e s t o d i s p l a y t h e 

g l o t t a l waveform i n terms o f t i m e v s a m p l i t u d e ( i n s e c s ) o n 

x - a x i s and y - a x i s r e s p e c t i v e l y . The t i m e a t any g i v e n p o i n t 

c o u l d b e measured b y moving t h e c u r s o r h o r i z o n t a l l y based o n 

w h i c h t h e newly d e v e l o p e d s o f t w a r e , a u t o m a t i c e x t r a c t i o n o f 

t h e g l o t t a l p a r a m e t e r s was a l s o p o s s i b l e . 

The i n v e s t i g a t o r p r o v i d e d t h e f o l l o w i n g d e t a i l s t o t h e 

computer: 

a) f i l e name o f t h e sample 

b ) p o s i t i v e , n e g a t i v e c u t - o f f p e r c e n t a g e 

c ) number o f c y c l e s t o b e a n a l y s e d 

d ) t h e s t a r t i n g p o i n t o f t h e c o n s e c u t i v e c y c l e s t o b e 

a n a l y s e d . 

2. The s u b j e c t s wre i n s t r u c t e d as f o l l o w s : "Now I am g o i n g 

to p l a c e t h e s e e l e c t r o d e s on y o u r neck and when I say 

p l e a s e r e a d t h e passage/speak i n y o u r n a t u r a l p i t c h and 

l o u d n e s s . 
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3. The two e l e c t r o d e s were p l a c e d on t h e neck on t h e t h y r o i d 

a l a e . 

4 . The g a i n o f t h e speech i n t e r f a c e u n i t was a d j u s t e d t o b e 

w i t h i n a n optimum v a l u e t o a v o i d d i s t o r t i o n . 

5. The p o s i t i o n o f t h e e l e c t r o d e s were a d j u s t e d u n t i l c l e a r 

l x waveform appeared on t h e d i s p l a y s c r e e n when t h e 

s u b j e c t s p h o n t e d . T h e i r speech was s i m u l t a n e o u s l y 

r e c o r d e d u s i n g an a u d i o t a p e u s i n g a microphone and a 

'Sony' d i g i t a l d u a l r e c o r d i n g deck. 

C r i t e r i a f o r d e f i n i n g each o f s t u t t e r i n g moment : 

Each word r e p e t i t i o n was marked s e p a r a t e l y . A s y l l a b l e 

r e p e t i t i o n a s pa-pa-pat was marked a s a s i n g l e r e p e t i t i o n . 

P r o l o n g a t i o n was c o n s i d e r e d when a s o u n d / s y l l a b l e was 

p r o l o n g e d f o r a l o n g e r d u r a t i o n o r when i t was l e n g t h e n e d 

d u r i n g p r o d u c t i o n beyond i t s a p p r o p r i a t e d u r a t i o n . A 

h e s i t a t i o n was c o n s i d e r e d when a p e r s o n showed a doubt o r 

i n d e c i s i o n o r d e r l a y i n t h e a c t o f speech p r o d u c t i o n . A pause 

was c o n s i d e r e d a s a s i l e n c e t h a t l a s t s l o n g e r t h a n a g i v e n 

i n t e r v a l t y p i c a l l y around 250 msec. i e . 0.25 s e c . 

Once t h e i n s t a n c e s of s t u t t e r i n g moments were 

i d e n t i f i e d , t h e d a t a was p r o c e s s e d i n terms o f number o f 
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s t u t t e r i n g moments, average d u r a t i o n o f s t u t t e r i n g moments 

and r a t e o f speech (number o f s y l l a b l e s / s e c o n d ) . 

These r e a d i n g samples were r a t e d in two ways : 

1. S u b j e c t i v e : 

R a t i n g by j u d g e s - t h r e e p o s t - g r a d u a t e s t u d e n t s of 

Speech P a t h o l o g y s e r v e d a s t h e j u d g e s t o r a t e t h e s e v e r i t y o f 

s t u t t e r i n g o n a f i v e p o i n t s c a l e a s 0-normal, 1 - m i l d , 2 -

moderate, 3-moderate-severe, 4 - s e v e r e . 

2. O b j e c t i v e : 

Measurement u s i n g computer - i n i t i a l l y t h e samples were 

f e d t o t h e computer. The d i g i t i z e d samples were t h e n 

v i s u a l l y d i s p l a y e d on t h e computer (PC-AT 486) s c r e e n as a 

waveform (time i n t e n s i t y f u n c t i o n ) i n t h e program "VAGHMI" 

d e v e l o p e d by V S S - B a n g a l o r e . Then t h e e x p e r i m e n t e r i d e n t i f i e d 

t h e i n s t a n c e s o f s t u t t e r i n g and d u r a t i o n o f each o f t h e 

i n s t a n c e s o f s t u t t e r i n g based o n t h e a u d i o sample and t h e 

v i s u a l d i s p l a y s i m u l t a n e o u s l y . O n i d e n t i f y i n g t h e s t u t t e r i n g 

moments as r e p e t i t i o n s , p r o l o n g a t i o n s , h e s i t a t i o n s and pause, 

t h e d u r a t i o n of each s t u t t e r i n g moment was measured moving 

3 . 6 



t h e c u r s o r o n t h e computer. The program f a c i l i t a t e d 

measurement o f d u r a t i o n o f each o f t h e s t u t t e r i n g moments, 

e s p e c i a l l y t h e p a u s e s . 

The speech samples were d i g i t i z e d u s i n g d B CRT programme. 

I n i t i a l l y a sample o f p a r t i c u l a r d u r a t i o n was s e l e c t e d 

and d i s p l a y e d on t h e computer s c r e e n . The c u r s o r was moved 

a c r o s s t h e s c r e e n t o mark t h e s t a r t i n g and t h e n p o i n t o f t h e 

sample t h a t i s d i s p l a y e d o n t h e s c r e e n . Then t h e v i s u a l 

d i s p l a y was c o r r e l a t e d w i t h t h e a u d i t o r y form o f sample. 

Thus t h e s t u t t e r i n g moment on t h e s c r e e n was i d e n t i f i e d and 

marked w i t h t h e c u r s o r and t h e t y p e , number and d u r a t i o n of a 

p a r t i c u l a r s t u t t e r i n g moment was r e g i s t e r e d and s t o r e d i n t h e 

computer memory. 

PART I I 

I A n a l y s i s of s p e e c h 

The a n a l y s i s i n v o l v e d t h e f o l l o w i n g equipment 

1 . Tape deck to p l a y t h e r e c o r d e d s p e e c h samples. 

2. A n t i a l i a s i n g f i l t e r (low pass f i l t e r h a v i n g c u t o f f 

f r e q u e n c y at 3.5/7 5K) 

3. A-D/ D-A c o n v e r t e r ( s a m p l i n g f r e q u e n c y of 8/16 KHz, 12 

b i t ) 

4. P e r s o n a l computer - At I n t e r 80386 m i c r o p r o c e s s o r w i t h 

80387 n u m e r i c a l d a t a p r o c e s s o r 
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5. S o f t w a r e d e v e l o p e d by V o i c e Speech Systems, B a n g a l o r e . 

6. A m p l i f i e r and s p e a k e r . 

P r o c e d u r e f o r a n a l y s i s 

The r e c o r d e d speech samples of each s u b j e c t were 

d i g i t i z e d a t t h e r a t e o f 8KHz u s i n g 12 b i t s VSS d a t a I/P and 

O / P c a r d b y f e e d i n g t h e s i g n a l from t a p e deck t o t h e speech 

i n t e r f a c e u n i t t h r o u g h l i v e f e e d i n g . The d i g i t i z e d samples 

were d i s p l a y e d on t h e computer. 

Manual E x t r a c t i o n o f P a r a m e t e r s 

The v o w e l s were i d e n t i f i e d and marked u s i n g t h e c u r s o r 

i n t h e s t u t t e r e d words. Ten s u c c e s s i v e c y c l e s o f g l o t t a l 

waveforms were s e l e c t e d f o r a n a l y s i s . From t h e d i s p l a y o f 

t h e waveform t h e t i m e ( m i l l i s e c s ) o f t h e s t a r t i n g p o i n t , o f 

t h e t e n s u c c e s s i v e c y c l e s s e l e c t d , was a l s o n o t e d . Each 

c y c l e was a n a l y s e d b y m a r k i n g t h e c u r s o r a t v a r i o u s p o i n t s t o 

o b t a i n t h e d u r a t i o n o f v a r i o u s phases o f t h e v o c a l f o l d 

v i b r a t i o n . A f t e r m a r k i n g d i f f e r e n t p o i n t i n each c y c l e , 

d i f f e r e n t p a r a m e t e r s o f l x waveform were c a l c u l a t e d b y t h e 

computer (average f o r 1 0 c y c l e s ) . 
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The c u r s o r was moved a c r o s s t h e s c r e e n to mark t h e 

s t a r t i n g and t h e n p o i n t o f t h e sample t h a t i s d i s p l a y e d o n 

t h e s c r e e n . Then t h e v i s u a l d i s p l a y was c o r r e l a t e d w i t h t h e 

a u d i t o r y form o f sample. Thus t h e s t u t t e r i n g moment on t h e 

s c r e e n was i d e n t i f i e d and marked w i t h t h e c u r s o r and were 

s t o r e d under d i f f e r e n t f i l e names. These f i l e s were l a t e r 

c a l l e d f o r t h e S p e c t r o g r a p h i c and e l e c t r o g l o t t o g r a p h i c 

a n a l y s i s o f t h e s t u t t e r e r d word u s i n g s p e c t r o g r a m and 

e l e c t r o g l o t t o g r a p h i c programms r e s p e c t i v e l y . P a r a m e t e r s o f 

EGG c o n s i d e r e d were -

1. Open t i m e 

2. Opening t i m e 

3. C l o s e t i m e 

4. C l o s i n g t i m e 

5. Speed q u o t i e n t 

6. Open q u o t i e n t 

7. C l o s e phase 

8. Speed Index 

9. T o t a l p e r i o d 

10. Fundamental f r e q u e n c y . 

D e f i n i t i o n s : 

1 . Open t i m e : I t i s t h e d u r a t i o n d u r i n g w h i c h t h e v o c a l 

c o r d s s t a y i n t h e open p o s i t i o n ( l a t e r a l p o s i t i o n ) . 
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2. Opening t i m e : Time t a k e n f o r t h e v o c a l c o r d s t o come from 

t h e m e d i a l p o s i t i o n t o t h e l a t e r a l p o s i t i o n . 

3 . C l o s e t i m e : The d u r a t i o n d u r i n g w h i c h t h e v o c a l c o r d s 

s t a y i n t h e m e d i a l p o s i t i o n ( c l o s e d p o s i t i o n ) . 

4. C l o s i n g t i m e : Time t a k e n f o r t h e v o c a l c o r d s t o come 

from t h e l a t e r a l p o s i t i o n t o t h e m e d i a l p o s i t i o n . 

5 . Speed q u o t i e n t : The t i m e i n w h i c h t h e v o c a l c o r d s a r e 

c o m p l e t e l y c l o s e d . 

Open phase 
6. Open q u o t i e n t (OQ) = 

T o t a l p e r i o d o f v i b r a t i o n 

Opening phase 
7. C l o s e phase (SQ) = 

C l o s i n g phase 

SQ - 1 
8. Speed I n d e x = 

SQ + 1 

9. T o t a l p e r i o d (TP) = The t i m e r e q u i r e d to a c h i e v e a c y c l e 

of t h e Lx waves. 

1 
10. Fundamental f r e q u e n c y = 

Time d i f f e r e n c e between two 
s u c c e s s i v e p o s i t i v e g o i n g z e r o 

c r o s s i n g 

Parameters of s p e c t r o g r a m c o n s i d e r e d were -

1. V o i c e o n s e t t i m e 

2. Formant f r e q u e n c i e s - F l , F2, and F3 
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3 . T r a n s i t i o n d u r a t i o n 

4. Word d u r a t i o n 

5. Vowel d u r a t i o n 

1 . V o i c e o n s e t t i m e : V o i c e o n s e t t i m e i s t h e d u r a t i o n 

between t h e b u r s t and t h e subsequent o n s e t o f v o i c i n g o f 

t h e f o l l o w i n g v o w e l . 

2. Formant f r e q u e n c i e s - F1, F2, and F3 : M i d p o i n t of t h e 

v i s i b l e d a r k bands of energy a p p r o p r i a t e t o t h e f i r s t 

t h r e e v o w e l r e s o n a n c e s . 

3. T r a n s i t i o n d u r a t i o n : ( F l , F2) - Time between t h e o n s e t of 

t r a n s i t i o n o f F1/F2 a i d t h e t e r m i n a t i o n o f t h e t r a n s i t i o n 

o f v o w e l / c o n s o n a n t . 

4. Word d u r a t i o n : Time between t h e o n s e t and t e r m i n a t i o n of 

a word. 

5. Vowel d u r a t i o n : Time between t h e p o i n t of o n s e t and 

c e s s a t i o n o f g l o t t a l v i b r a t i o n and o f r e s o n a n c e a r e a s . 



RESULTS AND DISCUSSION 

The purpose o f t h e s t u d y was t o (1) f i n d t h e c o r r e l a t i o n 

between t h e s t u t t e r i n g s e v e r i t y judged by judges who had a 

back ground of speech and h e a r i n g (post g r a d u a t e s t u d e n t s of 

speech and h e a r i n g ) and as measured u s i n g computerprogramme 

(2) Compare t h e g l o t t a l p a r a m e t e r s o f s t u t t e r e r s w i t h t h a t of 

normal s p e a k e r s ; (3) Compare c e r t a i n s p e c t r o g r a p h i c 

parameters o f s t u t t e r e r s w i t h t h a t o f normal s p e a k e r s . 

I Judgement o f s e v e r i t y o f s t u t t e r i n g b y t r a i n e d j u d g e s 

A h i g h i n t e r j u d g e and i n t r a j u d g e c o r r e l a t i o n was found 

out u s i n g Spearman's c o e f f f i c i e n t o f c o r r e l a t i o n , r e g a r d i n g 

the s e v e r i t y r a t i n g o f s t u t t e r i n g a s judged b y j u d g e s . 

Judge I I showed maximum r e l i a b i l i t y and Judge I I I showed 

minimum r e l i a b i l i t y . However t h r e was good i n t e r j u d g e 

r e l i a b i l i t y between t h e t h r e e j u d g e s . T h i s may be because 

a l l t h e t h r e e judges were speech and h e a r i n g s t u d e n t s w i t h 

t h e same background and t r a i n i n g and c o n s i d e r e d Wingate's 

d e f i n i t i o n f o r j u d g i n g . The s e v e r i t y o f s t u t t e r i n g 



Judge I Judge II Judge I I I 

I n t e r judge 0.92 0.97 0.88 
r e l i a b i l i t y 

4.1 

Judge I & I I Judge II & I I I Judge I & III 

I n t r a judge 0.98 0.88 0.89 
r e l i a b i l i t y 

T a ble-3 : Number of r e p e t i t i o n s , p r o l o n g a t i o n s , h e s i t a t i o n s , 
pauses and t o t a l number of b l o c k s as measured u s i n g 
t h e computer and t h e r a t i n g s o f s e v e r i t y o f 
s t u t t e r i n g as judged by t h e judges on a 5 p o i n t 
s c a l e . 

T able-1 : The i n t r a j u d g e r e l i a b i l i t y o f judgement of s e v e r i t y 
o f s t u t t e r i n g . 

Table-2 : The i n t e r j u d g e r e l i a b i l i t y o f judgement of s e v e r i t y 
o f s t u t t e r i n g . 

No. o f No. of No. o f T o t a l S e v e r i t y 
Sub. r e p e t i ­ p r o l o n h e s i t a No.of No. o f r a t i n g 
No. t i o n s g a t i o n t i o n s pauses s t u t t e r i n g by t h e 

monents judge 

1 23 4 4 32 63 4 
2 21 5 6 29 61 4 
3 22 3 2 31 58 3 
4 7 2 2 10 21 2 
5 2 1 1 9 13 1 
6 0 1 0 1 2 0 
7 0 0 0 0 0 0 
8 1 0 1 1 3 0 
9 0 1 0 0 1 0 

10 1 0 1 1 3 0 
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Average Ave.dura Ave.dur Ave.dur Ave.dur S e v e r i t y 
Sub. d u r a t i o n t i o n o f a t i o n o f a t i o n a t i o n o f r a t i n g 
no. o f r e p e ­ p r o l o n g h e s i t a o f t o t a l by t h e 

t i t i o n a t i o n s t i o n s pauces no. of 
s t g . 

judges 

1 1021.5 959 392.2 692.1 777.1 4 
2 367.2 821 252 990.2 711.7 4 
3 470 0 257 771.4 632 3 
4 302.1 250 625 578.1 532 2 
5 220 0 211 0 510 1 
6 0 0 0 387 387 0 
7 0 0 0 0 0 0 
8 0 0 0 0 0 0 
9 0 0 0 0 0 0 

10 0 0 0 0 0 0 

Table-4 : The average d u r a t i o n o f r e p e t i t i o n , p r o l o n g a t i o n , 
h e s i t a t i o n , pauses and t o t a l average d u r a t i o n o f 
b l o c k s in msec. as measured u s i n g by t h e computer 
and t h e r a t i n g of s t u t t e r i n g by t h e judges on a 5 
p o i n t s c a l e . 

Sub. 
No. 

Rate of speech 
i n s y l l a b l e / s e c 
by t h e computer 

Rate of Speech 
judged by t h e 

judges 

S e v e r i t y r a t i n g 
o f s t u t t e r i n g b y 

t h e judges 

1 1.26 1 4 
2 1.3 1 4 
3 2.54 1 3 
4 3.12 2 2 
5 2.65 1 1 
6 3.98 2 0 
7 4.7 2 0 
8 4.2 2 0 
9 3.77 2 0 

10 4.32 2 0 

T a b l e - 5 : Rate of speech i n i n terms o f number of s y l l a b l e s 
p e r second as measured by t h e computer, r a t e of 
speech judged by t h e judges on a 3 p o i n t s c a l e and 
s e v e r i t y r a t i n g of s t u t t e r i n g by t h e judges on a 5 
p o i n t s c a l e . 
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Spearman's c o e f f i c i e n t o f c o r r e l a t i o n was a p p l i e d t o 

f i n d o u t t h e c o r r e l a t i o n between r a t i n g s o f judges and 

measurement u s i n g computer. T h i s was done t o f i n d whether 

t h e r e i s a c o r r e l a t i o n between t h e s e v e r i t y judgement b y t h e 

judges and t h e s e v e r i t y judgement made u s i n g t h e computer 

measurements. 

No. C o r r e l a t i o n between s t u t t e r i n g moment and 
r a t i n g o f s e v e r i t y b y judge 

C o r r e l a t i o n 
v a l u e (v) 

1 No.of r e p e t i t i o n s v s r a t i n g s 0.832 

2 Rate o f speech ( s y l l / s e c ) a s measured u s i n g 
computer v s . r a t i n g 

8210 

3 Average d u r a t i o n o f r e p e t i t i o n s v s . r a t i n g 0.815 

4 No.of pauses v s r t i n g 0.81 

5 T o t a l no.of s t u t t e r i n g moments vs r a t i n g .799 

6 Average d u r a t i o n o f pauses v s . r a t i n g 0.79 

7 Average d u r a t i o n o f p r o l o n g a t i o n s v s . r a t i n g 0.732 

8 No.of p r o l o n g a t i o n s v s r a t i n g 0.612 

9 No.of h e s i t a t i o n s v s . r a t i n g 0.591 

10 Average d u r a t i o n o f h e s i t a t i o n s v s . r a t i n g s 0.532 

11 T o t a l average d u r a t i o n of s t u t t e r i n g moments 
v s . r a t i n g 

0.501 

T a b l e - 6 : C o r r e l a t i o n between s t u t t e r i n g moments and s e v e r i t y 
d i f e r e n t s t u t t e r i n g b l o c k s a s measured o f s e v e r i t y 
o f s t u t t e r i n g u s i n g computer 

T a b l e - 6 shows t h a t number of r e p e t i t i o n s , r a t e o f 

speech, average d u r a t i o n o f r e p e t i t i o n , number of pauses had 



more e f f e c t on judgement o f s e v e r i t y o f s t u t t e r i n g when 

compard t o average d u r a t i o n o f pauses, average d u r a t i o n o f 

p r o l o n g a t i o n s , number o f p r o l o n g a t i o n s , number o f h e s i t t i o n s 

and average d u r a t i o n o f s t u t t e r i n g . 

I t was n o t e d t h a t t h e r e was 

1. a h i g h p o s i t i v e c o r r e l a t i o n of 0.83 between number of 

r e p e t i t i o n s and s e v e r i t y r a t i n g o f s t u t t e r i n g b y j u d g e s . 

2. a h i g h n e g a t i v e c o r r e l a t i o n of 0.82 between r a t e of speech 

i n s y l l a b l e s / s e c o n d a s measured u s i n g computer and 

s e v e r i t y of r a t i n g of s t u t t e r i n g by t h e judges on a 5 

p o i n t s c a l e . 

3. a h i g h p o s i t i v e c o r r e l a t i o n of 0.81 between average 

d u r a t i o n o f r e p e t i t i o n s and s e v e r i t y r a t i n g o f s t u t t e r i n g 

by t h e j u d g e s . 

4. a h i g h p o s i t i v e c o r r e l a t i o n of 0.81 between number o f 

pauces and s e v e r i t y r a t i n g o f s t u t t e r i n g b y j u d g e s . 

5. a h i g h p o s i t i v e c o r r e l a t i o n of 0.79 between t o t a l number 

of s t u t t e r i n g moments and s e v e r i t y r a t i n g o f s t u t t e r i n g by 

judges. 
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6. a h i g h p o s i t i v e c o r r e l a t i o n of 0.79 between average 

d u r a t i o n o f pauses and s e v e r i t y r a t i n g o f s t u t t e r i n g b y 

j u d g e s . 

7. a p o s i t i v e c o r r e l a t i o n of 0.73 between average d u r a t i o n of 

p r o l o n g a t i o n s and s e v e r i t y r a t i n g o f s t u t t e r i n g b y t h e 

j u d g e s . 

8. a p o s i t i v e c o r r e l a t i o n of 0.612 between number of 

p r o l o n g a t i o n s and s e v e r i t y r a t i n g o f s t u t t e r i n g b y j u d g e s . 

9. a p o s i t i v e c o r r e l a t i o n of 0.591 between number of 

h e s i t a t i o n s and s e v e r i t y r a t i n g o f s t u t t e r i n g b y j u d g e s . 

10. a p o s i t i v e c o r r e l a t i o n of 0.53 between average d u r a t i o n 

o f h e s i t a t i o n s and s e v e r i t y r a t i n g o f s t u t t e r i n g b y 

j u d ges. 

11. a h i g h p o s i t i v e c o r r e l a t i o n o f 0.50 between t o t a l average 

d u r a t i o n of s t u t t e r i n g moments and s e v e r i t y r a t i n g of 

s t u t t e r i n g b y j u d g e s . 

The measurement of s e v e r i t y u s i n g computer p r o v i d e d same 

r e s u l t s as r a t i n g by j u d g e s . Hence computes measurement 
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can be used i n c l i n i c a l s e t up which w i l l g i v e s i m i l a r 

r e s u l t s a s t h a t o f r a t i n g done b y j u d g e s . S i m i l a r r e s u l t s 

have been found by S u c h i t r a (1992).thus t h e h y p o t h e s i s 

s t a t i n g t h a t t h e r e i s s i g n i f i c a n t d i f f e r e n c e between t h e 

judgement o f s e v e r i t y o f s t u t t e r i n g a s measured u s i n g 

computer is a c c e p t a b l e . 

PART II 

A s seen from t h e r e v i e w o f l i t e r a t u r e i t has been 

r e p o r t e d t h a t a v o c a l b e h a v i o u r was d i f f e r e n t , i n s u t t e r e r s , a t 

l e a s t a t t h e moment of s t u t t e r i n g . T h e r e f o r e t h e p r e s e n t 

p a r t o f experiment c o n c e n t r a t e d o n f i n d i n g and t h e v o c a l 

b e h a v i o u r i n s t u t t e r e r s u s i n g e l e c t r o g l o t t o g r p h . 

The f o l l o w i n g p a r a m e t e r s were d e r i v e d from t h e 

e l e c t r o g l o t t o g r a p h i c r e c o r d i n g s o f speech o f s t u t t e r e r s f o r 

d i f f e r e n t vowel c o n d i t i o n s . 

1. Fundamental f r e q u e n c y 

2. Open time 

3. Opening t i m e 

4. C l o s e time 

5. C l o s i n g t i m e 

6. Speed q u o t i e n t 



7. Open q u o t i e n t 

8. C l o s e phase 

9. Speed i n d e x 

10. T o t a l p e r i o d . 

EGG normals 
( f o r t h e vowel 'e' ) 

EGG s t u t t e r e r s 
( f o r t h e vowel 'e') 

Range Mean SD Range Mean SD 

Fo 122 -133 127.4 5.5 176-250 210.8 36.04 

Open 
time 

1.17-1.50 1.30 0.15 0.40-0.97 0.74 0.22 

Opening 
time 

2.83-4.33 3.20 0.64 0.50-2.2 1.51 0.86 

C l o s e 
t i m e 

0.5-1.00 0.70 0.18 0.67-1.5 1. 04 0.33 

C l o s i n g 
t i m e 

1.67-3.0 2.30 0.59 1.53-4.00 3.12 1.03 

Speed 
q u o t i e n t 

1.00-1.8 1.49 0.29 0.19-1.43 0.58 0.49 

Open 
q u o t i e n t 

0.26-0.60 0.42 0.17 0.09-0.21 0.16 0.05 

C l o s e 
phase 

4.17-5.5 4.91 0.52 4.53-7 6.10 0.99 

Speed 
i n d e x 

0.00-0.29 0.16 0.1 -0.68-0.18 -0.34 0.32 

T o t a l 
p e r i o d 

6.83-8.12 7.61 0.54 5-8.17 7.27 1.33 

Table-7 : Shows t h e EGG v a l u e s f o r normals and s t u t t e r e r s f o r 
t h e vowel 'e' 
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EGG normals 
( f o r t h e vowel 'u') 

EGG s t u t t e r e r s 
( f o r t h e vowel 'u') 

Range Mean SD Range Mean SD 

Fo 122-146 131 10.72 156-221 193.2 26.68 

Open 
time 

1-1.30 1.12 0.15 0.33-0.83 0.55 0.25 

Opening 
time 

2-4.3 3.05 0.87 0.67-2.5 2.01 0.78 

C l o s e 
time 

05-1.00 0.71 0.21 0.56-1.67 0.99 0.45 

C l o s i n g 
t i me 

1.50-2.86 1.96 0.63 1.45-3.67 2.26 1.08 

Speed 
q u o t i e n t 

1.45-1.80 1.57 0.16 0.16-1.93 1.14 0.68 

Open 
q u o t i e n t 

0.59-0.65 0.61 0.03 0.09-0.32 0.21 0.09 

C l o s e 
phase 

4.67-5.30 4.96 0.32 3.2-7.17 5.76 1.69 

Speed 
i n d e x 

0.17-0.21 0.19 0.02 -0.73-0.18 -0.06 0.39 

T o t a l 
p e r i o d 

7.5-8.3 7.95 0.34 4.5-8.6 5.95 1.74 

T a b l e - 8 : Shows t h e EGG v a l u e s f o r normals and s t u t t e r e r s f o r 
t h e vowel 'u' 



EGG normals EGG s t u t t e r e r s 
( f o r t h e vowel 'O') ( f o r t h e vowel 'O') 

Range Mean SD Range Mean SD 

Fo 120-133 126.6 6.50 218-245 226 12.73 

Open 
time 

1-1.50 1.23 0.32 0.37-0.67 0.60 0.15 

Opening 
time 

2.17-3.00 2.73 0.32 0.83-2.5 1.82 0.71 

C l o s e 
t i m e 

0.67-0.83 0.73 0.09 0.56-1.67 0.97 0.98 

C l o s i n g 
t i m e 

0.67-3.50 2.06 1.09 1.45-4.00 3.11 1.16 

Speed 
q u o t i e n t 

0.81-3.25 1.69 0.95 0.22-1.45 0.73 0.53 

Open 
q u o t i e n t 

0.15-0.65 0.40 0.22 0.12-0.28 0.21 0.08 

C l o s e 
phase 

2.00-7.50 4.80 1.99 3.27-6.50 5.11 1.37 

Speed 
i n d e x 

0.06-0.81 0.37 0.30 -0.64-0.18 -0.24 0.35 

T o t a l 
p e r i o d 

4.67-8.8 7.19 1.59 4.5-7.67 6.43 1.34 

T a b l e - 9 : Shows t h e EGG v a l u e s f o r normals and s t u t t e r e r s f o r 
t h e vowel o'. 
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EGG normals 
( f o r t h e vowel 'a' ) 

EGG s t u t t e r e r s 
( f o r t h e vowel ' a') 

Range Mean SD Range Mean SD 

Fo 101-133 122 12.60 175-245 209.4 27.63 

Open 
time 

1-2.33 1.47 0.52 0.67-0.83 0.71 0.07 

Opening 
time 

2.83-4.33 3.47 0.72 0.83-2.50 1.63 0.70 

C l o s e 
time 

0.67-1.00 0.77 0.15 0.83-1.67 1.31 0.44 

C l o s i n g 
time 

1.67-2.50 1.96 0.34 3.17-4.00 3.73 0.35 

Speed 
q u o t i e n t 

1.13-2.60 1.83 0.56 0.22-0.79 0.45 0.22 

Open 
q u o t i e n t 

0.31-0.59 0.43 0.10 0.12-0.27 0.18 0.06 

Cl o s e 
phase 

4.17-5.8 4.80 0.70 5-6.67 5.88 0.69 

Speed 
index 

0.06-0.44 0.27 0.15 -0.64-0.12 -0.41 0.21 

T o t a l 
p e r i o d 

6.8-9.8 8.18 1.15 6.7-8.00 7.18 0.58 

Table-10: Shows t h e EGG v a l u e s o f normals and s t u t t e r e r s f o r 
t h e vowel 'a'. 
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EGG normals 
( f o r t h e vowel 'i' ) 

EGG s t u t t e r e r s 
( f o r t h e vowel 'i' ) 

Range Mean SD Range Mean SD 

Fo 120-136 127.2 6.98 122-242 200 45.90 

Open 
time 

1-1.33 1.10 0.15 0.23-0.83 0.47 0.27 

Opening 
time 

2.33-3.00 2.76 0.25 0.67-2.5 2.01 0.78 

C l o s e 
time 

0.50-0.83 0.63 0.14 0.33-1.33 0.64 0.40 

C l o s i n g 
t i me 

1.54-3.50 2.42 0.87 0.63-4.67 2.91 1.30 

Speed 
q u o t i e n t 

0.81-1.82 1.25 0.41 0.24-1.53 0.85 0. 57 

Open 
q u o t i e n t 

0.15-0.65 0.40 0.22 0.12-0.29 0.20 0.08 

C l o s e 
phase 

4.77-7.50 5.36 1.07 3.45-7.67 5.65 1.71 

Speed 
i n d e x 

0.00-0.81 0.25 0.32 -0.62-0.21 -0.17 0.35 

T o t a l 
p e r i o d 

7.50-8.80 8.02 0.57 4.8-8.83 7.11 1.72 

T a b l e - I I : Shows the EGG v a l u e s of normals and s t u t t e r e r s f o r 
t h e vowel 'e' 

Table-7 to 11 p r e s e n t t h e mean, SD and range f o r t h e 

vowels a , i , e , u , o f o r normals and s t u t t e r e r s . The 

c u r s o r y e x a m i n a t i o n o f t h e s e t a b l e s i n d i c a t e t h a t t h e r e a r e 

d i f f e r e n c e between t h e n o n s t u t t e r e r s and s t u t t e r e r s f o r a l l 
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the parameters f o r a l l t h e v o w e l s . The v a r i a b i i l i t y was 

found t o b e g r e a t e r i n c a s e s o f s t u t t e r e r s . F u r t h e r t h e d a t a 

was s u b j e c t e d t o s t a t i s t i c a l a n a l y s i s f o r t h e purpose o f 

c o m p a r i s i o n between t h e two groups onthese p a r a m e t e r s . 

Comparison o f EGG p a r a m e t e r s i n s t u t t e r e r s and normals 

u s i n g W i l c o x o n ' s t e s t . The r e s u t l s o f t h e comparison are 

p r e s e n t e d i n T a b l e 12-21. 

Table-12: Showing r e s u l t s o f comaprison o f F o f o r s t u t t e r e r s 
and n o n - s t u t t e r e r s f o r a l l t h e f i v e v o w e l s . 

Table-13: Showing r e s u l t s o f c o m p a r i s i o n o f open time f o r 
s t u t t e r e r s had normals f o r a l l f i v e v o w e l s . 

Fo For Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 2.0226 0.0431 + 
i - 1.7529 0.0796 + 
u - 1.8257 0.0679 + 
e - 2.0226 0.0431 + 
o - 1.8257 0.0679 + 

Open time f o r Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 2.0226 0.0431 + 
i - 1.7529 0.0796 + 
u - 1.8411 0.0656 + 
e - 2.026 0.0431 + 
o - 1.8257 0.0679 + 



Table-14: Showing r e s u l t s o f c o m p a r i s i o n o f o p e n i n g t i m e f o r 
s t u t t e r e r s had normals f o r a l l f i v e v o w e l s . 

Table-15: Showing r e s u l t s o f c o m p a r i s i o n o f c l o s e d t i m e f o r 
s t u t t e r e r s had normals f o r a l l f i v e v o w e l s . 

Table-16: Showing r e s u l t s o f c o m p a r i s i o n o f c l o s i n g t i m e f o r 
s t u t t e r e r s had normals f o r a l l f i v e v o w e l s . 

Table-17: Showing r e s u l t s o f c o m p a r i s i o n o f speed q u o t i e n t 
f o r s t u t t e r e r s had normals f o r a l l f i v e v o w e l s . 

Opening t i m e f o r Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 2.0226 0.0431 + 
i - 1.7529 0.0796 + 
u - 1.4606 0.1441 + 
e - 2.0319 0.0422 + 
o - 1.0690 0.2850 + 

c l o s e t i m e f o r Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 2.0226 0.0431 + 
i - 1.7529 0.0796 + 
u - 0.7303 0.4652 + 
e - 1.7529 0.0796 + 
o - 1.288 0.1975 + 

C l o s i n g t i m e f o r Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 2.0319 0.0422 + 
i - 1.0690 0.2852 + 
u - 0.7303 0.4652 + 
e - 1.8257 0.0679 + 
o - 1.0690 0.2850 + 

Speed q u o t i e n t f o r Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 2.0226 0.0431 + 
i - 0.9439 0.3452 + 
u - 0.9439 0.3452 + 
e - 1.6026 0.1088 + 
o - 1.6036 1.1088 + 
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Ta b l e - 1 8 : Showing r e s u l t s o f c o m p a r i s i o n o f open q u o t i e n t 
t i m e f o r s t u t t e r e r s had normals f o r a l l f i v e 
v o w e l s . 

C l o s e phase Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 1.752 0.0796 + 
i - 1.348 0.8927 + 
u - 0.730 0.465 + 
e - 2.0226 0.431 + 
0 - 1.730 0.465 + 

T a b l e - 1 9 : Showing r e s u l t s o f c o m p a r i s i o n o f c l o s e d phase f o r 
s t u t t e r e r s had normals f o r a l l f i v e v o w e l s . 

T a b l e - 2 0 : Showing r e s u l t s o f c o m p a r i s i o n o f speed i n d e x f o r 
s t u t t e r e r s had normals f o r a l l f i v e v o w e l s . 

T o t a l p e r i o d Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 1.9606 0.0872 + 
i - 0.6858 0.4045 + 
u - 1.4606 0.1441 + 
e - 0.6856 0.4045 + 
o - 1.6036 0.1085 + 

T a b l e - 2 1 : Showing r e s u l t s o f c o m p a r i s i o n o f t o t a l p e r i o d f o r 
s t u t t e r e r s had normals f o r a l l f i v e v o w e l s . 

Open q u o t i e n t f o r Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 2.0226 0.0431 + 
i - 1.2136 0.2246 + 
u - 1.825 0.0679 + 
e - 2.0226 0.0431 + 
0 - 1.6036 0.1086 + 

Speed i n d e x Z v a l u e P V a l u e S i g n i f i c a n c e 

a - 1.7526 0.0791 + 
i - 1.7529 0.0796 + 
u - 1.4606 0.1441 + 
e - 2.0226 0.0431 + 
0 - 1.4606 0.1441 + 



4.15 

Opening t i m e has been d e f i n e d a s t h e t i m e f o r t h e v o c a l 

c o r d s t o come from t h e m e d i a l p o s i t i o n t o t h e l a t e r a l 

p o s i t i o n . 

The e x a m i n a t i o n of T a b l e 14 r e v e a l e s t h a t t h e r e was a 

s i g n i f i c a n t d i f f e r e n c e between normals and s t u t t e r e r s i n 

terms of o p e n i n g t i m e . T h i s has been found to be t i m e f o r 

vowels a , e , i , u , and o . The mean f o r normals b e i n g 3.20 

f o r e' 3.05 f o r 'u', 2.73, f o r 'o', 3.47 f o r ' a ' , 2.76 f o r 

' i ' and t h e mean f o r s t u t t e r e r s b e i n g 1.51 f o r 'e', 2.01 f o r 

'u', 1.82 f o r 'o', and 1.63 f o r 'a'.the s t a t i s t i c a l a n a l y s i s 

u s i n g w i l c o x o n t e s t showed t h a t t h e r e was s i g n i f i c a n t 

d i f f e r e n c e between normals and s t u t t e r e r s i n terms o f o p e n i n g 

time w i t h r e s p e c t t o a l l f i v e vowels s t u d i e d . Hence t h e 

h y p o t h e s i s t h a t t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e between 

t h e s t u t t e r e r s and n o n s t u t t e r e r s i n terms o f o p e n i n g t i m e has 

been r e j e c t e d . 

C l o s e t i m e has been d e f i n e d a s t h e d u r a t i o n d u r i n g 

which t h e v o c a l c o r d s s t a y i n t h e m e d i a l p o s i t i o n ( c l o s e d 

p o s i t i o n ) . 

The e x a m i n a t i o n o f t a b l e 1 5 p r e s e n t i n g t h e r e s u l t s o f 

s t a t i s t i c a l a n a l y s i s r e v e a l e d t h a t t h e r e was a s i g n i f i c a n t 

d i f f e r e n c e between normals and s t u t t e r e r s i n terms o f c l o s e 
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t i m e , f o r t h e v o w e l s , a , i , e . , u , o . The mean v a l u e f o r 

normals showed 0.70 f o r 'e', 0.7' f o r ' u ' , 0.73 f o r 'o' 0.77 

f o r 'a', 0.63 f o r 'i' and t h e mean v a l u e f o r s t u t t e r e r s b e i n g 

1.04 f o r 'e', 0.99 f o 'u', 0.97 f o r 'o', 0.99 f o r 'u' and 

0.64 f o r ' i ' . T h i s d i f f e r e n c e has been found t o b e 

s t a t i a t i c a l l y s i g n i f i c a n t f o r a l l v o w e l s . Hence t h e 

h y p o t h e s i s s t a t i n g t h a t t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e 

between t h e s t u t t e r e r s and n o n s t u t t e r e r s i n terms o f c l o s e 

time d u r i n g t h e p r o d u c t i o n o f vowels has been r e j e c t e d . 

Fundamental f r e q u e n c y has been d e f i n e d as f o l l o w s : 

1 
Fundamental f r e q u e n c y = 

Time d i f f e r e n c e between two 
s u c c e s s i v e +ve g o i n g z e r o c r o s s i n g 

The e x a m i n a t i o n o f t a b l e 1 2 showed t h a t s t u t t e r e r s d i f f e r e d 

s i g n i f i c a n t l y from t h e normal group i n terms o f fundamental 

f r e q u e n c y . Normal s u b j e c t s showed 'a' mean fundamental 

f r e q u e n c y of 127 f o r 'e', 131 f o r 'u', 126 f o r 'o' 122 f o r a, 

127 f o r 'i' and s t u t t e r e r s showed a mean o f 210 f o r 'e', 193 

f o r 'u',226 f o r 'o', 209 f o r a , 200 f o r ' i ' . Hence t h e 

h y p o t h e s i s s t a t i n g t h a t t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e 

between t h e s t u t t e r e r s and normals in terms Fo has been 

r e j e c t e d . S t u t t e r e r s have shown h i g h e r fundamental f r e q u e n c y 

than n o n s t u t t e r e r s . A c c o r d i n g t o S c h a f e r s k u p p e r and Simon 



(1983) c o r e r s p o n d i n g t o t h e h i g h e r t e n s i o n o f muscles 

i n v o l v e d i n speech p r o d u c t i o n , a h i g h e r mean fundamental 

f r e q u e n c y s h o u l d b e e x p e c t e d i n s t u t t e r e r s a s compared t o 

n o n s t u t t e r e r s . t h e f i n d i n g s o f t h e p r e s e n t s t u d y agrees w i t h 

t h e s e r e p o r t s . 

Open t i m e has been d e f i n e d as t h e d u r a t i o n d u r i n g w h i c h 

t h e v o c a l c o r d s s t a y i n t h e open p o s i t i o n ( l a t e r a l p o s i t i o n ) 

i n a c y c l e o f v o c o l f o l d movement. 

The e x a m i n a t i o n of T a b l e 7 r e v e a l e d t h a t t h e r e was a 

s i g n i f i c a n t d i f f e r e n c e between normals and s t u t t e r e r s i n 

terms o f open t i m e . The h y p o t h e s i s t h a t t h e r e i s n o 

s i g n i f i c a n t d i f f e r e n c e between t h e s t u t t e r e r s and 

n o n s t u t t e r e r s i n terms o f o p e n i n g t i m e has been r e j e c t e d . 

The mean v a l u e f o r normals were 1.23 f o r 'o', 1.12 f o r 'u', 

1.47 f o r 'a', 1.10 f o r ' i ' and t h e mean v a l u e a , u , f o r 

s t u t t e r e r s were 0.55 f o r 'o', 0.60 f o r ' u ' , 0.71 f o r 'a' and 

0.47 f o r ' i ' . i . e , t h e v o c a l f o l d s a re h e l d i n open p o s i t i o n 

f o r l e s s e r d u r a t i o n t h a n i n normals . 

C l o s i n g t i m e has been d e f i n e d a s t h e t i m e t a k e n f o r t h e 

v o c a l c o r d s t o come from t h e l a t e r a l p o s i t i o n t o t h e m e d i a l 
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p o s i t i o n i . e , from t o i n d i c a t e t h e c l o s i n g t i m e i n t h e 

g l o t t a l waveform d e r i v e d from egg f o r t h e v o w e l s . 

The e x a m i n a t i o n of t a b l e 16 r e v e a l e d t h a t t h e r e was a 

s i g n i f i c a n t d i f f e r e n c e between normals and s t u t t e r e r s i n 

terms of c l o s i n g t i m e . The normals showed a mean v a l u e of 

2.30 f o r 'e', 1.96 f o r 'u', 2.06 f o r 'o', 1.96 f o r ' a ' , 2.42 

f o r l i ' and t h e s t u t t e r e r s showed a mean o f 312 f o r 'e' , 

2.26 f o r 'u', 3.11 f o r 'o', 3.73 f o r ' a ' , 2.91 f o r ' i ' . i . e , 

s t u t t e r e r s have shown t h a t t h e v o c a l f o l d s t a k e much g r e a t e r 

time t o c l o s e o r r e a c h t h e m i d l i n e d u r i n g p h o n a t i o n when 

compared t o n o n s t u t t e r e r s . Hence t h e h y p o t h e s i s s t a t i n g t h a t 

t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e between s t u t t e r e r s and 

normals i n terms o f c l o s i n g time has been r e j e c t e d . 

Speed q u o t i e n t has been d e f i n e d as 

Opening phase 

C l o s i n g phase 

Table 17 r e v e a l e d a s i g n i f i c a n t d i f f e r e n c e between normals 

and s t u t t e r e r s i n terms o f speed q u o t i e n t . The normals 

showed a means of 1.49 f o r 'e', 1.57 f o r 'u', 1.69 f o r 'o', 

1.83 f o r 'a', 1.25 f o r 'i' and s t u t t e r e r s showed a mean of 

0.58 f o r 'e', 1.14 f o r 'u', 0.73 f o r 'o', 0.45 f o r ' a ' , 0.85 

f o r ' i ' . The s t u t t e r e r s had a low speed q u o t i e n t when 



compared t o n o n s t u t t e r e r s . t h u s t h e h y p o t h e s i s s t a t i n g t h a t 

t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e between s t u t t e r e r s and 

n o n s t u t t e r e r s i n terms o f speed q u o t i e n t has been r e j e c t e d . 

Open q u o t i e n t has been d e f i n e d as 

Open phase 

T o t a l p e r i o d o f v i b r a t i o n 

T a b l e 18 r e v e a l e d a s i g n i f i c a n t d i f f e r e n c e between normals 

and s t u t t e r e r s in terms of open q u o t i e n t . The normals showed 

a mean of .42 f o r 'e' ,. 61 f o r 'u', .40 f o r 'o', .43 f o r 

'a', .40 f o r ' i ' , and s t u t t e r e r s showed a mean of .16 f o r 

'e', .21 f o r 'u', .21 f o r 'o', .18 f o r 'a', .20 f o r ' i ' . 

speed q u o t i e n t -1 
Speed i n d e x has been d e f i n e d as 

speed q u o t i e n t +1 

T a b l e 2 0 r e v e a l e d a s i g n i f i c a n t d i f f e r e n c e between t h e 

s t u t t e r e r s and normals i n terms o f speed i n d e x . Normals 

showed a mean of 4.91 f o r 'e', 4.96 f o r 'u', 4.80 f o r 'o', 

4.80 f o r ' a ' , 5.36 f o r 'i' and s t u t t e r e s showed a mean of 

6.10 f o r 'e', 15.76 f o r 'u', 5.11 f o r 'o' 5.88 f o r 'a', 5.65 

f o r ' i ' . C o n t u r e (1984) r e p o r t e d l o n g e r c l o s e d phase i n 

s t u t t e r e r ' s g l o t t a l c y c l e s which s u p p o r t s t h e above r e s u l t s . 
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T o t a l p e r i o d has been d e f i n e d a s t h e t i m e r e q u i r e d t o 

a c h i e v e a c y c l e of the l a r y n g e a l wave. T a b l e - 2 1 r e v e a l e d a 

s i g n i f i c a n t d i f f e r e n c e between t h e s t u t t e r e r s and normals i n 

terms of t o t a l p e r i o d . The normals showed a mean o f 7.61 f o r 

'e', 7.95 f o r 'u', 7.19 f o r 'o', 8.18 f o r ' a ' , 8.02 f o r ' i ' , 

and s t u t t e r e r s showed a mean of 7.27 f o r 'e', 7.27 f o r 'u', 

6.43 f o r 'o', 7.18 f o r ' a ' , 7.11 f o r ' i ' . Hence t h e 

h y p o t h e s i s s t a t i n g t h a t t h e r e i s n o s i g n i f i c a n t d i f f e r e n c e 

between s t u t t e r e r s and normals i n terms o f t o t a l p e r i o d has 

been r e j e c t e d . 

The above r e s u l t s r e v e a l s t h a t t h e l a r y n g e a l mechanism 

d u r i n g speech i s d i f f e r e n t f o r s t u t t e r e r s t o t h a t o f 

n o n s t u t t e r e r s . The f o l l o w i n g s t u d i e s shows s i m i l a r r e s u l t s . 

E l e c t r o m y o g r a p h y (Freeman and U s h i j i n a , 1978; S h a p i r o , 

1980) and f i b e r o s c o p y (Conture, e t a l . 1977) have p r o v i d e d 

d i r e c t e v i d e n c e o f a b e r r a n t muscle a c t i v i t y and v o c a l f o l d 

movements d u r i n g s t u t t e r i n g . G l o t t o g r a p h i c s t u d y by Adams 

(1975); C h e r r i e - M u l l e r i n 1963 found t h a t s t u t t e r e r s 

c o n s i s t e n t l y e x h i b i t v a r i o u s t y p e s o f abnormal g l o t t a l 

a c t i v i t y d u r i n g v o c a l i z a t i o n s . C o n t u r e (1986) has a l s o 

r e p o r t e d o f a t y p i c a l p a t t e r n s f o r t h e vowels i n case o f young 

s t u t t e r e r s , d u r i n g f l u e n t a s w e l l a s s t u t t e r e d p r o d u c t i o n o f 

words. These f i n d i n g s suggest t h a t some young s t u t t e r e r s 
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t e n d t o d i f f i c u l t y s t a b i l i z i n g and c o n t r o l l i n g l a r y n g e a l 

g e s t u r e s even d u r i n g speech judged f l u e n t b y t r a i n e d 

l i s t e n e r s . 

I n o r d e r t o v e r i f y t h e h y p o t h e s i s t h a t t h e r e w i l l b e n o 

d i f f e r e n c e between t h e s t u t t e r e r s and normals o n t h e 

f o l l o w i n g p a r a m e t e r s . The r e s u l t s p r e s e n t e d i n T a b l e ( A t o 

G ) was examined. I t was found t h a t , t h e n u l l h y p o t h e s i s 

s t a t i n g t h a t 

1) There w i l l be no d i f f e r e n c e between t h e s t u t t e r e r s and 

normals in terms of VOT has been r e j e c t e d . 

The v o i c e onset time v a l u e s were l e s s f o r t h e 

n o n s t u t t e r e r s a s compared t o s t u t t e r e r s . 

4.21 



4.22 
T a b l e - I I I : 

Formant f r e q u e n c i e s Normals Formant f r e q u e n c i e s s t u t t e r e r s 
Range Mean SD Range Mean SD 

F l f o r a' 713.86-740.57 927.22 10.75 686.39-821.20 758.98 54.28 
F2 f o r 'a' 1044.72-1099.27 1072.0 21.96 930.07-1344.1 1139.12 166.74 F3 f o r 'a' 2433.4-2450.95 2442.2 7.05 2241.16-2747.4 2498.72 200.3 
F l f o r 'e' 437.61-534.50 496.06 39.1 404.75-481.09 442.92 30.74 F2 f o r 'e' 1496.38-2026.02 1762.2 212.4 1014.52-2222.27 1618.40 486.3 F3 f o r 'e' 2125.68-2981.94 2553.8 344.4 2402.8-2897.18 2650.00 199.08 
F l f o r 'i' 252.2-290.85 271.54 15. 55 220.82-310.8 265.6 36.46 F2 f o r * i ' 2089.86-2277.33 2183.8 75.49 2252.39-2484.3 2338.36 93.3 F3 f o r ' i ' 2636.23-2995.76 2816 144.7 2479.17-3426.02 2952.6 381.28 
F l f o r 'o' 470.84-499.15 485 11.4 430.13-529.31 479.72 39.93 F2 f o r 'o' 905.48-968.87 937.18 25.52 901.54-1008.8 955.2 43.21 F3 f o r 'o' 1589.3-1916.23 1752 131.62 1527.64-2032.7 1780.2 203.39 
F l f o r u' 304.197-367.32 335.76 25.42 307.94-358.22 333.04 20.24 F2 f o r u' 902.73-977.47 940.1 30.09 875.3-1107.12 991.26 93.31 F3 f o r 'u' 1956.47-237.6 2163.54 166.76 1958.7-2520.2 2239.54 226.11 
Table showing Mean, Range, SD of Formant frequencies 
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T r a n s i t i o n d u r a t i o n - Normals T r a n s i t i o n d u r a t i o n - s t u t t e r e r s 
Range Mean SD Range Mean SD 

F l 'a' 29.22-52.77 41 9.48 88.27-103.32 95.8 6.05 F2 'a' 37.91-69.68 53.8 12.7 117.43-139.76 128.6 8 .98 F l 'i' 42.62-54.97 48.8 4.97 89.34-101.45 95.4 4.87 F2 'i' 50.01-60.78 55.4 4.83 115.98-125.2 120.6 3.71 F l 'u' 11.2-42.3 21.8 16. 5 61.25-150.7 106 36.03 F2 'u' 21-42 31 4.3 70-109 90 4.5 F l 'o' 18.46-28.33 23.4 3.97 51.24-66.75 59 6.24 F2 'o' 34-44 39.4 3.8 54-70 62 5.8 F l 'e' 37.04-43.75 40.4 2.7 186.4-159.9 198.2 9.49 F2 'e' 25.2-34.39 29.9 3.7 110.80-124.79 117.8 5.6 

Table showing Transition duration (Mean, SD and Range) 

Table IV: 



Table V  4.24 

VOT - Normals VOT - s t u t t e r e r s 
Range Mean SD Range Mean SD 

VOT 'b' -91.22-87.62 -89.42 1.448 -109.71-99.92 -104.82 3.94 VOT 'd' -99.90-89.171 -94.54 4.32 -128.50-122.47 -125.48 2 .43 VOT 'g' -89.76-86.01 -87.89 1.511 -95.4-85.27 -90.34 4.076 VOT 'p' 5.94-17.15 11.55 4. 51 92.10-100.1 96.13 3.24 VOT ' t ' 10.05-20.52 15.29 4.21 18.92-64.53 41.7 18 .36 VOT 'k' 21.79-29.76 25.78 3.20 63.23-69.94 66.59 2.70 
Table showing Mean, SD and Range of VOT 



T a b l e A: Showing VOT f o r n o r m a l s and s t u t t e r e r s 
Vowel d u r a t i o n - Normals Vowel d u r a t i o n - s t u t t e r e r s 

Range Mean SD Range Mean SD 

a 29.06-68.53 48.8 15.89 52.29-78.90 65.6 10.71 
e 56.51-60.28 58.4 1.51 44.008-185.9 115 57.1 
i 34.60-46.59 40.6 4. 82 61.07-70.128 65.6 3.69 
o 29.61-51.58 40.6 8.84 84.69-119.7 102.2 14.09 
u 56.52-60.67 58.6 1.67 70.75-111.64 91.2 16.9 

T a b l e B : showing vowel d u r a t i o n f o r normals and s t u t t e r e r s . 

Word d u r a t i o n - Normals Word d u r a t i o n - s t u t t e r e r s 

Range Mean SD Range Mean SD 

208.4-409.6 309 80.96 743.3-1230.6 987.0 196.2 

T a b l e C: showing word d u r a t i o n f o r normals and s t u t t e r e r s 

Comparison o f s p e c t r o g r a p h i c parameter o f s t u t t e r e r s 

w i t h normals u s i n g W i l l c o x i n ' s matched p a i r s t e s t . 

Format f r e q u e n c i e s ( F l ) 

Z v a l u e P v a l u e S i g n i f i c a n c e 

a -0.5002 0.6742 -
i -0.4045 0.6858 -e -0.0796 -1.7529 -u -0.1348 0.8927 -
0 -0.4045 0.6858 -

T a b l e D: Comparison of s t u t t e r e r s and normals in terms of 
formant f r e q u e n c i e s 
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Z v a l u e P v a l u e S i g n i f i c a n c e 

a -0.4045 0.6858 — 

i -0.1348 0.8927 -e -0.0431 2.0226 -u -0.4045 0.688 -
0 -0.0796 1.7529 -

T a b l e F: Comparison o f s t u t t e r e r s and normals in terms of 
vowel d u r a t i o n 

Format F r e q u e n c i e s (F2) 

Formant F r e q u e n c i e s (F3) 

Z v a l u e P v a l u e S i g n i f i c a n c e 

a -0.4045 0.6858 — 

i -0.1348 0.8927 -e -0.5002 0.6742 -
u -0.4045 0.6858 -
0 -0.1348 0.8927 -

Z v a l u e P v a l u e S i g n i f i c a n c e 

P -2.0226 0.0431 + 
t -1.7529 0.0796 + 
k -2.0226 0.0431 + 
b -2.0226 0.0431 + 
d -2.0226 0.0431 + 
g -1.2136 0.2249 + 

Z v a l u e P v a l u e S i g n i f i c a n c e 

a -1.7529 0.0796 + 
i -2.0319 0.0422 + 
e -2.0226 0.0431 + 
u -2.0226 0.0431 + 
o -2.0226 0.0431 + 

T a b l e E: Comparison o f s t u t t e r e r s and normals in terms of VOT 
Vowel D u r a t i o n 

VOT 



T r a n s i t i o n d u r a t i o n ( F l ) 

T r a n s i t i o n d u r a t i o n (F2) 

Table G: Comparison of s t u t t e r e r s and normals in terms of 
t r a n s i t i o n d u r a t i o n s 

E v i d e n c e has accumulated i n r e c e n t y e a r s i n d i c a t e s t h a t 

s t u t t e r e r s have been found t o have l o n g e r v o i c e onset time 

v a l u e s ( H i l l m a n and G i l b e r t , 1977); Henloy and G u t k i n 

(1984); Halm (1942); C o n t u r e (1983). 

2) There M i l l be no d i f f e r e n c e between t h e s t u t t e r e r s and 

normals i n terms o f formant f r e q u e n c i e s ( F l , F2, F3) has 

been a c c e p t e d . 

T h i s c o n t r a d i c t s t h e s t u d y by K l i c h and May (1982) who 

has found d i f f e r e n c e s i n f o r m a n t f r e q u e n c i e s between 

s t u t t e r e r s and n o n s t u t t e r e r s who produced f l u e n t vowels i n a n 

(hVd) c o n t e n t . The r e s u l t s s u g g e s t e d t h a t s t u t t e r e r s 

Z v a l u e P v a l u e S i g n i f i c a n c e 

a -2.0226 0.0431 + 
i -2.0319 0.0422 + 
e -2.0226 0.0431 + 
u -2.0226 0.0431 + 
0 -2.0412 0.0412 + 

Z v a l u e P v a l u e S i g n i f i c a n c e 

a -2.0226 0.0431 + 
i -2.0226 0.0431 + 
e -2.0226 0.0431 + 
u -2.0226 0.0431 + 
o -2.0226 0.0431 + 
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r e s t r i c t t h e i r vowel a r t i c u l a t i o n s s p a t i a l l y a s w e l l a s 

t e m p o r a l l y d u r i n g f l u e n t u t t e r a n c e s , t h u s p r o d u c i n g more 

c e n t r a l i z e d formant f r e q u e n c i e s . 

The d i f f e r e n c e i n t h e r e s u l t s i n t h e p r e s e n t s t u d y may 

be because, t h e formant f r e q u e n c i e s were measured f o r 

s t u t t e r e d words and n o t f l u e n t u t t e r a n c e s . F i n d i n g s b y 

Montgomery's and Walden's (1987) s u p p o r t s t h e p r e s e n t 

r e s u l t s . They r e p o r t e d t h a t s t u t t e r e r s d o not e x h i b i t 

s i g n i f i c a n t l y g r e a t e r v o w e l c e n t r a l i z a t i o n t h a n n o n s t u t t e r e r s 

(Zimmerman, 1980) and d i f f e r e n c e s in vowel d u r a t i o n s (Prosek 

and Rungan, 1982). 

3) There w i l l be no s i g n i f i c a n t d i f f e r e n c e between t h e 

s t u t t e r e r s and normals i n terms o f t r a n s i t i o n d u r a t i o n ( F l 

and f2) has been r e j e c t e d . 

4) Thre w i l l be no s i g n i f i c a n t d i f f e r e n c e between t h e 

s t u t t e r e r s and normals i n terms o f vowel d u r a t i o n (a, i , 

u, e, o) has been r e j e c t e d . 

S t u t t e r e r s have been shown t o have l o n g e r t r a n s i t i o n 

times o f i n t e r v o c a l i c i n t e r v a l s ( S t a r k w e a t h e r and Myers, 
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1979), s y s t e m a t i c d i f f e r e n c e s i n t r a n s i t i o n t i m e s and 

a r t i c u l a t o r y d i s p l a c e m e n t . 

5) There w i l l be no s i g n i f i c a n t d i f f e r e n c e between t h e 

s t u t t e r e r s and normals i n terms o f word d u r a t i o n has been 

r e j e c t e d . 



5.0 

SUMMARY AND CONCLUSION 

P a r t - I 

The p r e s e n t s t u d y was c o n d u c t e d t o o b j e c t i v e l y r a t e 

s e v e r i t y o f s t u t t e r i n g u s i n g d i f f e r e n t p r o c e d u r e s . T h i s 

s t u d y c o n s i s t e d o f f i v e s t u t t e r e r s and f i v e n o n - s t u t t e r e r s 

matched f o r age, sex and language background. Each s u b j e c t 

r e a d t h e " v o i c e d " (passage-A) and combined (passage-B) 

passages. A p a r t from t h i s spontaneous speech f o r f i v e 

minutes were a l s o r e c o r d e d on a double c h a n n e l Sony d i g i t a l 

deck r e c o r d e r . A n a l y s i s was c a r r i e d out u s i n g a computer to 

f i n d out t h e number of s t u t t e r i n g moments, d u r a t i o n of 

s t u t t e r i n g moments and r a t e o f s p e e c h . 

Three judges were asked t o r a t e t h e s e v e r i t y o f 

s t u t t e r i n g and r a t e of speech f o r the same samples. I n t r a 

and i n t e r judge r e l i a b i l i t y f o r t h e s e r a t i n g s were found o u t . 

Then t h e c o r r e l a t i o n between r a t i n g s b y judges and 

measurement u s i n g computer was found o u t . 



C o n c l u s i o n s : 

1. The f o l l o w i n g p a r a m e t e r s have been found to be i m p o r t a n t 

i n t h e s e v e r i t y r a t i n g o f s t u t t e r i n g . 

a) Number of r e p e t i t i o n s 

b) Number of pauses 

c) T o t a l number of s t u t t e r i n g moments 

d) Average d u r a t i o n o f r e p e t i t i o n s 

e) Average d u r a t i o n of pauses 

f ) T o t a l average d u r a t i o n of s t u t t e r i n g moments 

g) Rate of speech. 

Recommendation f o r t h e f u t u r e s t u d y : 

The s t u d y may be c a r r i e d out on a l a r g e number of 

s t u t t e r e r s o f d i f f e r e n t age. 

P a r t I I 

T h i s p a r t o f t h e s t u d y was conducted t o compare t h e 

a c o u s t i c parameters o f speech i n s t u t t e r e r s w i t h t h a t o f 

normal s p e a k e r s . 

5.1 



5.2 

The s t u d y c o n s i s t e d o f f i v e s t u t t e r e r s and f i v e normals 

matched f o r age, sex and language background. Each s u b j e c t 

r e a d t h e " v o i c e d " (Passage-A) and "combined (Passage-B) 

p a s s a g e s . A p a r t from t h i s spontaneous speech f o r f i v e 

minutes was a l s o r e c o r d e d on a d o u b l e c h a n n e l "Sony" d i g i t a l 

deck r e c o r d e r . The samples were a n a l y z e d u s i n g ; computer EGG 

t o f i n d out Fo, open t i m e , o p e n i n g t i m e , c l o s e t i m e , c l o s i n g 

t i m e , open q u o t i e n t , c l o s e phase, speed i n d e x , speed 

q u o t i e n t , t o t a l p e r i o d and s p e c t r o g r a p h f i n d out t h e v o i c e 

onset t i m e , formant f r e q u e n c i e s - F l , F2, F3, t r a n s i t i o n 

d u r a t i o n , word d u r a t i o n vowel d u r a t i o n . 

W i l c o x o n matched p a i r s s i g n e d r a n k s t e s t was done t o 

f i n d out t h e s i g n i f i c a n t l y d i f f e r e n c e between s t u t t e r e r ' s and 

n o n - s t u t t e r e r s . 

Conclusions : 

i ) The f o l l o w i n g EGG p a r a m e t e r s o f t h e speech o f s t u t t e r e r s 

d i f f e r e d s i g n i f i c a n t l y when compared t o t h e n o n s t u t t e r e r s : 

1) Fundamental f r e q u e n c y 

2) Open t i m e 

3) Opening t i m e 



4) C l o s e t i m e 

5) C l o s i n g t i m e 

6) Speed q u o t i e n t 

7) Open q u o t i e n t 

8) C l o s e phase 

9) Speed i n d e x 

10) T o t a l p e r i o d 

i i ) S t u t t e r e r s d i f f e r e d s i g n i f i c a n t l y from t h e n o n s t u t t e r e r s 

o n t h e f o l l o w i n g s p e c t r o g r a p h i c p a r a m e t e r s . 

1 ) V o i c e onset t i m e 

2) Word d u r a t i o n 

3) Vowel d u r a t i o n 

i i i ) There was n o s i g n i f i c a n t d i f f e r e n c e between t h e 

s t u t t e r e r s and n o n s t u t t e r e r s i n terms o f formant 

f r e q u e n c i e s . 

The above f i n d i n g s i n d i c a t e s t h a t t h e l a r y n g e a l 

mechanism d u r i n g speech i s d i f f e r e n t f o r s t u t t e r e r s t o t h a t 

o f n o n s t u t t e r e r s . 

5.3 



5.4 

Recommendations f o r f u t u r e s t u d y : 

1. The e x p e r i m e n t may be t r i e d u s i n g l a r g e sample. 

2 . I t can b e c a r r i e d out i n d i f f e r e n t l a n g u a g e s . 

3. V a r i o u s age groups can be i n c l u d e d in t h e s t u d y . 

4. I t can b e c a r r i e d out t o f i n d out how t h e a c o u s t i c 

parameters changes w i t h t h e degree o f s t u t t e r i n g . 
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APPENDIX - A 

STUTTERERS 

S u b j e c t I: S e b a s t i a n No. 19712 Aye: 25 y r s . Sex: Male 

Mother Tongue: Kannada Other Languages: 

Onset o f s t u t t e r i n g - g r a d u a l , s i n c e c h i l d h o o d 

p r o v i s o n a l d i a g n o s i s : Moderate s t u t t e r i n g 

S u b j e c t I I A n i l Kumar No.10737 Age-21 y e a r s Sex: Male 

Mother tongue Kannada O t h e r Languages E n g l i s h 

O n s e t o f s t u t t e r i n g G r a d u a l s i n c e c h i l d h o o d . 

P r o v i s i o n a l d i a g n o s i s Severe s t u t t e r i n g 

S u b j e c t I I I Rajeskumar No. 10377 Age-22 y e a r s Sex: Male 

Mother tongue Kannada Other Languages E n g l i s h 

O n s e t o f s t u t t e r i n g G r a d u a l s i n c e c h i l d h o o d . 

P r o v i s i o n a l d i a g n o s i s M i l d s t u t t e r i n g 

S u b j e c t IV R a v i S. No. 14338 Age-21 y e a r s Sex: Male 

Mother tongue Kannada Other Languages E n g l i s h 

O n s e t o f s t u t t e r i n g G r a d u a l s i n c e c h i l d h o o d . 

P r o v i s i o n a l d i a g n o s i s M o d e r a t e l y Severe s t u t t e r i n g 

S u b j e c t V Shivakumar No. 12856 Age-20 y e a r s Sex: Male 

Mother tongue Kannada Other Languages E n g l i s h 

O n s e t o f s t u t t e r i n g G r a d u a l s i n c e c h i l d h o o d . 

P r o v i s i o n a l d i a g n o s i s Severe s t u t t e r i n g 



NONSTUTTERERS 

S u b j e c t I R a j e s h Age-23 y e a r s Sex: Male 

Mother tongue Kannada Other Languages E n g l i s h 

No f a m i l y h i s t o r y of any Speech and H e a r i n g problem 

s t u d y i n g i n AIISH 

S u b j e c t II Jayakumar Age-21 y e a r s Sex: Male 

Mother tongue Kannada Other Languages E n g l i s h 

No f a m i l y h i s t o r y of any Speech and H e a r i n g problem 

s t u d y i n g i n AIISH 

S u b j e c t I I I V i n a y Age-20 y e a r s Sex: Male 

Mother tongue Kannada Other Languages E n g l i s h 

No f a m i l y h i s t o r y of any Speech and H e a r i n g problem 

s t u d y i n g i n AIISH 

S u b j e c t IV Naveen Age-20 y e a r s Sex: Male 

Mother tongue Kannada Other Languages E n g l i s h 

No f a m i l y h i s t o r y of any Speech and H e a r i n g problem 

s t u d y i n g i n AIISH 

S u b j e c t V A j i t h Age-21 y e a r s Sex Male 

Mother tongue Kannada Other Languages E n g l i s h 

No f a m i l y h i s t o r y of any Speech and H e a r i n g problem 

s t u d y i n g i n AIISH 


